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PREFACE 



A knowledge of the fish fauna is a prerequisite for 
carrying out fishery investigations and development of fishery 
management programs* No recent nor complete work on the fishes 
of Syria was available and therefore this book was undertaken. 

The first two chapters deal with the identification of 
fishes and descriptions of the 86 species which may possibly 
be found in Syrian waters* Chapters III through XIII were 
originally prepared at the request of the Department of Education 
of the Ministry of Agriculture as lectures to be given at the 
Agriculture Schools* However, since this did not prove feasible, 
the lectures are included here and the combined work may be used 
as a textbook at the proposed Fishery Training Center at the 
Kalaat el Moudik Experimental Fish Station* The last chapter 
of the book is a field and laboratory manual which gives the 
essential techniques and also has bilingual (Arabic-English) 
record forms* 

In compiling this work the author has made free use of 
a great many books, pamphlets and papers and technical articles. 
To cite all the sources would have tended to defeat the purpose 
of a simple, concise training guide, hence no credit is listed 
for sources of data. Only at the end of Chapter II is a short 
list of taxonomic references dealing with Syrian fishes* 



FB/T8 



CONTENTS 




CHAPTER 


Page 


I FISH ANATOMY 


1 


II IDENTIFICATION OF FISHES 


26 


III THE FRESHWATER ENVIRONMENT 


186 


IV REPRODUCTION AND EARLY DEVELOPMENT 


194 


V THE GROWTH OF FISHES 


20* 


VI THE AGE OF FISHES 


216 


VII FOOD AND FEEDING 


223 


VIII COMPETITION AND PREDATION 


229 


IX AQUATIC PLANTS 


233 


X POLLUTION 


239 


XI THE DISEASES OF FISH 


243 


XII LAKE AND STREAM IMPROVEMENT 


249 


XIII COMMERCIAL FISHING AND UTILIZATION 


253 


XIV INSTRUCTIONS FOR COLLECTING DATA ON 





FISHERY BIOLOGY 



260 



PB/T8 



THE FRESHWATER FISHES OF SYRIA 

and their 
GENERAL BIOLOGY AND MANAGEMENT 



Chapter I 
Pish Anatomy 



A fish Is a cold-blooded, backboned animal which lives in water, 
propels and balances itself by means of fins, and obtains oxygen from the 
water for breathing purposes by means of gills. 

There are over 40,000 kinds of fishes in the worl<l. There are big 
and little fishes, short and long, thick and thin fishes. Thero are fishes 
with teeth and without teeth, with barbels and without barbels, with or 
without scales, and with blunt or sharp noses. There are fishes that live 
on the bottom of the lake, or at the surface, or in between, in rapid 
flowing mountain streams or in very slow running rivers, and in ponds, 
marshes and the opeans. They are adapted to nearly every kind of possible 
fish environment. 

In Syria, at present, we may expect to find 66 different kinds of 
fishes. But before learning what these kinds are, and how to identify 
them, it would appear advisable to study a little closer this animal called 
a fish. In order to be able to classify the fish according to their kinds, 
it is necessary to know their parts and other things about them. Therefore 
the following pages will tell us some of the things we need to know before 
proceeding into the second chapter of this book on the identification of 
the Syrian Fishes. 
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The form of a fish B varied, as can be aeen at any fiah market. 
Generally, however, the body of the fish is boat-shaped, the head in the 
line without A neok in most oases. The shoulder girdle is attached to the 
skull at the nape. The pelvic girdle may or may not be attaohed to the 
shoulder girdle below. The body is usually longer than it is deep, the 
greatest depth is in front of the middle, leaving in roost species a oompressed 
paddlelike tail, whioh is used to move the fish. There are, however, in 
addition to this basic form, several other recognized forms* There are fish 
flattened from top to bottom, like the rays; fish oompressed from side to 
side, like the soles; long fishes, like the eels; ribbon-like fishes, the 
bodies long, but oompressed from side to side as in the ribbon fishes; fishes 
that are globular, like the ocean lumpfish; large-headed fishes, like the 
blennies; and lastly, the very odd-shaped fish, like the sea horses. 

The body of the fish is divided into three parts, the head, trunk 
and tail (Fig. l). The head is generally considered to end at the gill 
opening; the trunk extends to the end of the body cavity, usually to the 
vent; the tail completes the body. The body is covered first of all with a 
layer of skin. Unlike the human being, the skin of the fish is made up of 
living cells. These cells also exorete a mucus or slime whioh aids the fish 
in protection against disease, in moving through the water and in protecting 
it against rapid changes in water content of the body. 

Beneath tne skin is a layer of scales (Pig. 2) in most fishes. But 
here again there are fishes with no scales, or with a few bony plates, or 
with spines and prickles. The principal function of the scales is protection. 
The very early primitive fish had heavy armour plate, but gradually these 

have been lost. When a fish is born it usually has no scales. In the skin 

i 
are scale buds whioh very shortly after birth begin to grow and form the 

scales. The number of scales on the fish remains the same throughout its 
life. As the fish grows the scales grow. This fact is quite useful to the 
workers studying the growth of fishes, because in the temperate zones of the 
world growth ceases for a period during the winter, and this stoppage of 
growth is shown on the scales. By observing under the microscope the number 
of interruptions in growth, the age of the fish can be determined. Also by 
making measurements of the distance between the marks it is possible to tell 
how long the fiah was at the various years of its life. 
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Figure 1. Topography of Spiny-rayed fish, showing 
location of parts, and how measurements 
are made 
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Figure 2. Pish softies 
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Scales found on fishes today con usually be classified in four 
forms ~ Ganoid- platelike and not overlapping, laid side by side like 
bricks, such as are found in the garfishes} Plaooid- small scales with 
projections or hooks, and covered with enamel very similar to human teeth, 
like on some sharks; Ctenoid- scales with small toothlike projections on 
the exposed part of the scale $ and Cycloid- smooth scales with oonoentrio 
rings only (Fig* 3-4). 

The color of a fish is due primarily to two substances contained 
in the skin ~ chroma tophores and guanin (Fig. 5). Ouanin is a crystalline 
excretory product found in the akin, scales, swim bladder and silver layer 
of the eye. The crystals of guanin may occur in separate capsules or may 
be free in the skin, or be combined with the true color producer cells or 
chroma tophores* 

The guanin crystals and scales add to the iridescence seen in the 
fish, but are not really true color producers. They reflect and refract 
light to give various shades and hues. 

The true oolor cells or ohromatophores contain the true color 
pigments. The pigments found in fish are black, red, yellow and blue. The 
ohromatophores each contain on'.y one oolor, .and the fish can control the 
amount of oolor showing in eaoh cell. It can shrink the pigment into a 
tiny spot or let it expand into the many arms of the pigment oell. Fish 
to a limited degree are capable of changing oolor patterns of their bodies. 
In going from dark to light backgrounds, the backs of the fish can become 
shades lighter. When travelling in weedy areas, they may become barred or 
broken patterned to better blend with their surroundings. Most fishes have 
some color, but in some oaves there are certain species of fish that are 
colorless because they live in the absence of light. 

The stimulus for coloration and change in oolor appears to be due 
to sight. Blind fish do not change color. When normal fish had patches 
put over their eyes, they did not change color when the backgrounds were 

changed. Without the patches they reacted to color changes in their 

* 

surroundings 
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Figure 3* Fish scales 
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Figure 4. Fish scales 
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It is generally believed that color helps protect the fish from its 
enemies* Through varied oolor patterns and in being able to change oolor 
patterns with changes in their environment, the fish are better able to blend 
in with their surroundings , making it more difficult for the predatory fish 
tc find their prey. During breeding season, when in many species the males, 
in particulari become brightly colored, there may be help given in recogni- 
tion of mates or in selecting of mates* 

The fins of the fish provide for the balance and motion* The fins 
may be divided into two groups -~ the paired and unpaired* The paired fins 
are the pectorals , representing the forelegs or arms, and the pelvic fins, 
representing the hind legs. The position of these paired fins varies with 
the species and is often used in Identification as will be seen later. 

The unpaired or vertical fins consist of the dorsal or bade fin, the 
anal, and the caudal or tail fin* In some species there is an adipose or fat 
fin behind the dorsal* The dorsal fin may be divided sometimes into two or 
more parts, may or may not have enlarged bony rays or supporting rods* The 
fin. if It contains these stiff bony rays, is called the spiny dorsal fin, and 
the part containing the soft, non-spiny, ' branched rays is called the soft 
dorsal fin* Spines may be found in some species of fish on the other fins, 
except the adipose* All the fins generally aid the fish in balancing, but the 
caudal fin, with the body of the fish, is for propelling the fish* However , 
here again, some species use other fins to aid in motion* Some fish use 
their pelvic and pectoral fins to aid in crawling along the bottom of the 
lake or stream* Some, like the flying fish, use the pectoral fins to glide 
through the air. Some fish can even use their fins and climb trees, like 
the climbing perch. 

In addition to the placement of the fins, the size and shape and the 
number of rays in the fins are of use in identifying the various species* 
This will also be further discussed In a later section* 

The movement of the fish is accomplished by the muscles of the body. 
The muscles lie in sections, along the sides, forming the flesh of the body. 
They are not highly specialized muscles, as in the higher vertebrates, but 
there are several distinct sets. There are muscles for moving the jaws, 
gills, gill covers, eyes and the different fins, as well as the great lateral 
muscles which propel the fish. The lateral muscles are composed of many 
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segments, usually zig-zag in shape. In buying canned tuna and other fifth 
one oan readily see these segments* 

The skeleton of the fish is cartilaginous in the more primitive 
fish, and bony in the more highly specialized. The essential parts of the 
fish skeleton (Fig. 6) are the skull, backbone, and the two paired fins. 
The skull (Fig. 7) is composed of a great number of bones, and the shape 
and number vary with the species. The accompanying figure gives the names 
and the approximate location of most of the bones that are found in any skull. 

The backbone is composed of a number of vertebrae (Pig. 8), the 
shape of whioh depends on the location in the backbone. Generally two 
distinct forms are found. Those of the abdominal region and those of the 
oaudal region. The abdominal vertebra has a round centerpiece or centrum, 
with the front and back faces distinctly concave, and a central hole* There 
are bony projections from the centrum, a dorsal one called the neural spine, 
whioh forms an arch through which runs the nerve cord; and the lateral 
ones from whioh the ribs project. Also attached to the centrum are some 
delioate intramuscular bones whioh extend into the muscles and oan be most 
annoying in some fish when we eat them. 

The oaudal vertebra bears the neural spine and aroh and a ventral 
spine and arch, called the haemal spine and aroh. Through this aroh runs 
the blood vessel carrying the blood to the tail section. 

The posterior end of the oaudal region is modified to form a sup- 
porting mechanism for the tall fin. The last centra may be turned up, down, 
or form a rod-like structure oalled the urostyle. The neural and haemal 
spines flatten out and become broad to form the base support of the tail. 

The shape the oaudal section takes determines the style of tail the fish 

i 
will have. 

The shoulder girdle is attached to the skull and consists of several 
bones and ends in the fin rays. The pelvio girdle is usually composed of 
one large triangular bone and three small bones and ends in fin rays* In 
some species, the pelvio girdle is attached to the skull, in others to the 
shoulder girdle, and in still others it is attaohed only in the muscles of 
the abdominal wall. 



fa/ye 



11 



Figur* 6. Sklton of fish (Tllapia nilotioa) 




(Redrawn from Bertin) 
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Figure 7. Generalised skull 




(After Gregory) 
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The organs of nutrition (Fig. 9) are similar to those of the other 
vertebrates. A mouth, gullet, stomach, intestines and vent are to be found. 
Certain glands are also present , suoh as the liver, pancreas, spleen and 
kidneys* 

The mouth varies greatly in size and shape. In some fish, like the 
whale shark, the mouth may be a meter wide, while in others like the pipe fish 
the mouth is but a tiny hole at the end of a long beak. Mouths may be on the 
underside of the head or inferior, or at the end of the head or terminal, or 
on top of the head or superior. They may be adapted for biting or sucking. 
The type of mouth depends on the type of feeding done or may have been 
created by the type of feeding the fish engaged in. Some fish feed upon 
microscopic plants and animals that swim in the water and have mouths adapted 
to strain the water. In these specially adapted species, the gill rakers 
located opposite to the gill filaments on the gills, play an important part. 
The gill rakers aot as strainers for the food. In other fishes, that feed on 
large Items of food, the mouth may develop many teeth on the various bones 
which compose it. Some fishes have teeth In their throats and food is ground 
while passing through the gullet. Thus the mouth is a variable organ, a*A 
again can be used in identifying species. 

Around the mouth may be developed a*na organs in the form of barbels 
or whiskers. These aid the fish in finding its food. Some fish feed by 
eight, that is by seeing the object to be eaten.. Others food by smell, 
while still others may (tost by feel, using the barbels as sense organs. 

After the food passes through the gullet it may empty into a well- 
defined stomach, or in some fish merely an enlarged portion of the intestines. 
There axe gastric juices provided by gastric glands which line the walls of 
the stomach, and these Juices aid in the digestion of the food. 

The intestine follows the stomach and is generally a simple tube. 
However, in some sharks it can develop into a highly complex organ with a 
spiral valve to increase the absorbing surface. The intestine's function is 
to absorb the food as in other vertebrates. The type of intestine often 
indicates the food habits of the fish ~ a short straight tube generally 
indioates a carnivorous fish; a long ooiled intestine an herbivorous flshf 
while a medium sized intestine suggests an omnivorous fish. 
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Figure 9* Organs of nutrition 
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Attaohed to the stomach or intestine in some species of fish are 
pylori c caecae. These pyloric oaecae are small tubelike structures which 
appear to function as both digestive and absorptive organs. 

The liver may be highly developed and bilobed, with a gall bladder, 
or it may be a simple undivided gland * The pancreas is usually developed 
as patches of tissue located around the intestine or imbedded in the liver. 
The spleen is usually attached to the stomach* 

The kidneys lie along the inner side of the backbone with their 
ducts leading to the cloaca* 

The last part of the intestine is called the rectum and it termi- 
nates in the vent* The vent may be a separate opening or it may end with 
the sex organs and urinary organs in a common opening called the cloaca* 

The circulatory system (Fig. 10) in fishes is quite simple* It 
consists of a heart, which is divided into three or four parts, and the 
arteries and veins which bring the blood to and from the various parts of 
the body* 

The heart itself consists of an auricle or upper chamber, the 
ventricle or lower chamber, an enlarged area (in most fishes) before the 
auricle called the sinus venosus, and a thickened portion of the aorta 
or main artery leaving the heart known as the bulbous arteriosua. The 
wall of the sinus venosus is thin like that of the auricle, while the 
wall of the bulbous arteriosus is thick like the wall of the ventricle* 
The bulbous arteriosus aids the ventricle in pumping blood through the 
body. 

The heart of the fish can be said to resemble the right half of 
the human heart, since it handles only venous blood* The ventricle forces 
the venous blood through the aorta which leads to the gills. In the gills 
the blood picks up oxygen and givee off the carbon dioxide and the oxygenated 
blood is then passed through the body through the various arteries* The 
uaed blood is collected in the veins and is then returned to the heart. 

The blood is generally red in color and contains both red and white 
corpuscles. Blood circulation is alow and the temperature of the blood is 
a little above the temperature of the environment. 
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Pigure 10. Circulatory system (sohu*tlo) 
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The heart is oontained in a perioardlal chamber and la located in 
the anterior part of the body oavity. 

Respiration or breathing- ooours in the water. Oxygen is removed 
from the water passing over the gill filaments and the waste gas, oarbon 
dioxide, is given off in the same process. 

There are usually five pairs of bony arohes attaohed to the cranium 
on t6p and to the base of the tongue below. Four of these pairs of arohes 
bear gills, while the fifth usually does not. The fifth aroh (Fig. ll) in 
some fishes develops teeth and forms the structure known as the pharyngeal 
teeth or gullet Jaws. 

Baoh gill aroh (Fig. 12) bears two rows of slender filaments 9 the 
gills. Blood flows in and out eaoh filament and thus comes in olose oontaot 
with the water, the walls of the filament and the blood vessels in the 
gills being very thin. On the inside of the aroh there are protective 
projections of varying sizes aooording to the species, called gill rakers. 
These gill rakers proteot the gill filaments from large injurious particles 
being passed over them, and in some species are adapted to aid in the col- 
lecting of food, serving as strainers for the 'food particles whioh enter 
with the water. 

Water for breathing purposes is taken in the mouth and then foroed 
out over the gills, through the gill openings. To aid in keeping the water 
from going back through the mouth, there are oral valves or flaps on the 
upper and lower jaw in the front part of the mouth whloh unfold over the 
opening and keep the water from being foroed out of the mouth during the 
process of foroing the water out through the gill opening. 

Some species of fish have an air bladder. The function of the air 
bladder is two-fold. It aids in breathing and also acts as an organ of 
flotation. In some fishes there is a tube leading directly from the gullet 
into the air bladder, and air can be gulped from the surface of the water. 
In other fishes there is no tube leading into the bladder and any gas 
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Figure 11. Pharyngeal teeth 
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Figur* 12. 01 11 aroh 
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exchange takes plaoe through blood vessels and a special organ on the air 
bladder. As an organ of flotation it helps the fish to float freely at 
given depths with little effort. 

The organs of sense are generally the same as in other higher 
vertebrates. The sense of taste is quite weak, but there are taste buds 
present in the mouth and also in the skin. It is believed that fish 
react to four tastes sweet, sour, salty and bitter , though not all 
fish reaot to all four. 

The sense of smell is looated in the nasal or olfactory organs* 
These organs the nostrils have no connection with breathing in 
fishes as they do in higher vertebrates, sinoe they are not usually 
connected to the mouth or throat. The nostrils in most speoies are deep 
pits lined with a delicate sensitive membrane which is well supplied with 
nerves and blood vessels. Water is drawn in and passed x>ut of the nostril* 
As stimuli are received from food particles or odors, the stimuli excite 
the brain and the fish begins to searoh for the source of the stimulus. 

The sense of touch is better developed. Barbels, or fleshy pro- 
jections, have been developed in many speoies about the mouth, and are 
highly developed organs of touch. Touch cells are scattered throughout 
the whole skin of fishes as well as on these barbels. 

The sense of pain is very feeble in fishes. Fish biting on a 
sharp hook and getting free will immediately turn back and bite the hook 
again. Injury, such as loss of an eye, does not seem to hurt the fish at 

all, and it gives no evidence of pain. 

i 
The ear in the fish consists of the internal ear only the 

vestibule and the three somi circular canals. There is no external ear, no 
ear drum, no eustaoian tube. The ear serves two purposes ~- hearing and 
in balance or equilibrium. The ear sac is looated in the skull or at the 
base of the cranial oavity. This sac io divided into two parts ~ an upper 
chamber or ultrloulus and a lower chamber of saoculus. The semicircular 



oanale connect to this ear eao and are filled with fluid. 

The inner walls of the ear sac are lined with sensitive tissues and 
mall bony ear stones or otollths. An otolith in the oaooulus part of the 
ear may develop into a large size and in some fish, like the cod, is used 
to tell the age of the fish, since as the floh grows the otolith grows and 
the depositing of lime about tho otone formo rings which can be seen when 
the stone is ground down on a fine jewelers polishing stone* 

The sense of hearing differs with the various fishes, but is general- 
ly weak* Nonetheless, fish do react to sounds carried by the water 

In some species, the air bladder is connected to the ear through 
a series of bones known as Weberian ossicles and is believed to aid in 
hearing or at least in amplifying the sounds 

Equilibrium or balance Is closely associated with hearing and 
functions through the semicircular canals. In fish the equilibrium functions 
as for humans* 

In some fishes, a sense organ called the lateral line system 10 
developed* This is a canal or tube running down the side of the fish and 
puncturing each scale as It passes by. Nerves and sensory glands are found 
in and along tho canal. It is believed this canal aosists in several of 
the senses taste, touch and hearing. It is also believed it has a 
function in recognizing changes in heat and cold, and in detecting current 
changes* 

The sense of sight is found in all fishes except a few species which 
have lost the power of sight by dwelling in underground waters as in oaves, 
fluid in extreme depths of the oceans where light does not penetrate* 

The eyes of fish vary in size and shape and location on the head* 
Some fish have even developed eyelids, but generally fish do not have 
eyelids* The major difference between the eye of the fish and those of 
higher vertebrates is the round crystalline lens of the fish eye rather 
than the elliptical lens of the higher animals* 



FB/T6 



Much has bo en written about the structure and details of the eye and 
eight, but for our purpose it is not necessary to go further into the 
structure* 

Fish have eyes, they use thorn to soe whore they go, to obtain food 
and it has been shown that some fish oan detect colors. 

The nervous system in the fish consists of a brain and a spinal oord f 
with one set of nerves to bring stimuli to th brain, and another set to 
carry orders from the brain to the muscles, and a sympathetic system to 
control the workings of the organs. In fish th whole nervous system is 
very small and the gray matter is loss developed than in higher forms, 

In general the brain of a fish may be dividod into three main 
parts the forobrain, the midbrain and the hindbrain. The fore brain 
consists of two lobes, the olfactory or smell lobes. Th size of these 
lobes depends on the type of fish. If it is a smell feeder these lobes 
are well developed, but if it is a sight feeder, they are relatively small, 
These lobes receive the nerves from the noatrils. 

The midbrain is primarily for sight. The optio lobes make up 
this part of the brain. Again the size varieo with the species of fish, 
those depending most on sight for food having the larger lobes. 

The hindbrain consists of three parts the cerebellum, medulla 
and hearing lobes. The cerebellum has to do with balance. The medulla 
regulates the heart beat and breathing and controls swimming motion. 
Hearing and taste centers aro alno located in the hind brain. 

The brain of the fish ,novr completely fills the brain cavity. 
There is always a space between the brain and the bone which is lined with 
tissue and the apace filled with a fatty fluid. 

The spinal cord run a from the brain to the end of the vertebral 
column.. The nerves of the fish are similar to those in higher animals 
both in location and function, but are fewer in number, 
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The reproductive organs in fishes are of two kinds, ovaries in the 
female and testes in the males. Eggs are developed in the ovaries which 
usually run the length of the abdominal cavity. The ovary is generally 
cylindrical and compact, yellowish in color and granular in appearance. 
In some species there is an oviduct or tube leading from the ovary to the 
genital pore or opening, while in other species the eggs are dropped into 
the body cavity and then are passed out through the pore. 

The sperm are produced in testes which are usually two long, smooth, 
whitish organs. They usually extend the length of the abdominal cavity 
also, and each is connected by a duct, the sperm duct to the urogenital 
pore or sinus. 

The ductless or endocrine glando play an important part in regulat- 
ing the life of the fish as thoy do in the higher vertebrates. The 
pituitary gland is located on the ventral surface of the brain, as is the 
pineal gland. The thyroid gland is scattered patches of tissue in the 
region of the ventral sorts. Parathyroids are present in some fishes, 
absent in others. The thymus gland is above the branchial arches. Renal 
glands are located in tho kidneys. The pancreas was mentioned in connection 
with the digestive tract. 
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Chapter II 
Identification of Fishes 

In the work to improve the fisheries of Syria, the first step is 
to find out just what kinds of fishes are present in the lakes and streams* 
From work already done here and in our. neighboring countries we oan expect 
to find about 86 different kinds of fishes. Some of these speoies are of 
value as food, while others are not. Some never grow to a size large 
enough for human consumption, but they may serve as food for other fishes 
which do grow to a large size. 

In working with the fishes we must give them names so that we oan 
collect information about them and put the proper information with the 
proper fish and be able to tell others about the work done. We cannot 
depend upon the names given them by the fishermen or the looal residents, 
because the same fish may have several names in the different parts of 
the country, or several fish may have the same name. For example, Boori 
is a common name given to seven different speoies of fish by the fisher- 
men* This problem is not only true for fishes, but for all plants and 
animals, and therefore a system of classification was derived so that 
any worker anywhere in the world, would be able to determine and describe 
speoies of plants or animals so that everyone else would know just what 
plant or animal was meant. This system uses Latin or latinized names, 
beoause Latin is a language whioh no longer is subjeov to change in form 
or in meaning and interpretation 

First separation is made into the Plant Kingdom or the Animal 
Kingdom. Then eaoh Kingdom is broken down into smaller and smaller units 
until one single speoies is left. 

The animal kingdom is divided into a number of large groups, eaoh 
known as Phylum. Each Phylum contains animals of similar anatomical 
likenesses, for instance the Phylum Protozoa contains only a s ingle - 
celled animals. The Phylum Chordata contains all the animals with 
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internal backbones. This Phylum is divided into a number of Classes, suoh as 
the Class Mammalia, Class Aves, or Class Pisces (or Fishes). .The Class Pisces 
10 further divided into a number of Orders, which in turn are further divided 
into Families. The Families are subdivided into Genera and the Genera into 
Species. To the taxonomist, the man who is concerned only with the identifica- 
tion of animals, this grouping as given is a very simple one, and represents 
only the broad relationships. Bach of the groups mentioned above is divided in- 
to subgroups by him for a better understanding of the relationships between 
animals. But for our purpose, the above is sufficient with the addition of one 
more smaller group. The species, in some few Instances, is divided into a group 
known as subspecies. Minor variations occur which are not sufficient or consist* 
ent enough to warrant the complete division and the giving of a full species 
status, and these are given subspecies rank* 

The system of classification is not finally settled and therefore is 
changing constantly as new information is obtained from new studies and the find- 
Ing of new species* However, there are rules for the naming of animals, and 
these are followed by workers the world over. An International Commission on 
Zoological Nomenclature was formed and the rules agreed upon* With many workers 
working all over the world there is always some confusion and duplications arise. 
These problems are taken to the International. Commission and settled by them* 

The scientific name usually consists of two parts - the Genus and the 
species name. Occasionally, as mentioned above, a third or subspeoific name is 
used* In writing these names the first letter of the Genus name is always 
capitalized, the species or subspecies name following is not capitalized* When 
printed in books or papers the names are put in italic type to distinguish them* 

In the descriptions of the fishes that are to be found later in this 
book, it will also be noted that following the name of the fish is the name of 
the man who described the fish* It will be noted that sometimes the author's 
name is in parenthesis ( ). This means that since the man described the fish 
it has been placed in another genus by a more recent worker who has determined 
from further study that the fish belongs in a different group than originally 
believed* 

Al'so In the animal kingdom, Family names always end Irr cnze letters IDAS* 
Above the family designation no one system of classification has yet been 
settled upon by all the workers for uniform endings of the various divisional 
although several systems have been proposed* 

To briefly summarise the classification system we will use in this work. 
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will illustrate the system by tracing one fish through the kingdom. 

Kingdomt Animal i a 
Phylum t Chorda ta 
Class i Pisces 

Order * Event ognathi 
Family s Cyprlnidae 
Genus t Barbua 
Speolest kersin 

Fish identification involves the use of many counts and measurement**, 
recognition of parts of the body, and the location of the parts* To help 
correctly Identify the fish captures, "Keys" to the families, genera, species, 
and subspecies have been constructed, and an explanation of the terms and 
measurements used in the keys and descriptions of the fish is given below* 
While at first the following pages may seem formidable, a little experience 
in the use of the keys will make the terms very familiar* and little reference 
will have to be made back to these page's. 

General Body Proportions 

Total length of the fish (Fig.1 ) is measured from the tip of the snout with 
the mouth olosed to the tip of the tail with the lobes squeezed together. 
The measurement is a straight line and is not taken over the curve of the 
body* 

Standard length or Body length (Fig* 1 ) is measured from the tip of the snout 
with the mouth olosed to the end of the backbone (to the structural base 
of the caudal fin rays). 

Body depth (Fig. 13 ) 10 the vertical distance of the body at its deepest part. 
In the descriptions "Depth 4" means that the depth of the body is con- 
tained 4 times in the body length. Other terms such as slender, deep, 
etc., also are used. The following standards are used for such terms s 
very slender, 5.5 and above} e lender, 4*0 to 5. 4| moderately slender, 
3. 5 "to 3-9l moderately deep, 3.0 to 3*4f deep, 2.5 to 2.9> and very deep, 
2.4 and under* 

Width of a fish is taken from side to sldd at the widest part of the body. 

Caudal peduncle, or tail (Fig. 13 ) is the tapering portion of the body behind 
the base of the last ray of the anal fin* 
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Length of caudal peduncle (Fig. 13 ) is taken from the end of the base of 
the anal fin to the hidden base of the middle ray of the caudal fin* 
Depth of the caudal peduncle (Fig. 13 ) is the smallest depth of that part* 
Profile is the curve from the front of the dorsal fin to the tip of the snout* 
Predorsal length is the distance from the front of the dorsal fin to the tip 
of the snout or upper lip. 

The Head 

Length of head (Fig. 13 ) is measured from the tip of the snout or upper lip 
to the most distant point of the operculura. (Some authors measure only 
to the end of the bone, others measure the soft membrane or M ear flap 11 . 
Usually they will state the measurement used, but in comparing head 
lengths with those given in descriptions it is best to check both styles, 
if considerable disagreement is found with one measurement . ) "Head 5" 
means the length of the head is contained 5 times in the body length* 
Standards for terms such as long, are as follows! long or large, 3*4 
or lessf moderate, 35 to 40f short or email, 4*1 and above* 
Depth of head is measured from the midline at the occiput vertically downward 
to the bottom contour of the head or breast* If the cross line with the 
isthmus is distinctly away from this vertical, then the measurement is 
made from the occiput to the isthmus. 
Occiput is the posterior dorsal part of the head. 

Isthmus is the fleshy part between the gill openings, beneath the head* 
Width of head is the greatest measurement when the operoles are in a reason- 
ably normal position. (Sometimes the opercles are greatly distended when 
the fish dies. Then the operoles must be forced back to their normal 
position* ) 

Snout length (Fig. 13) is taken from the tip of the snout or upper lip to the 
front part of the orbit, squeezing the dividers slightly on the orbit 
if it has a fleshy rim in order to bring the dividers in contact with 
the hard bony rim. In this measurement, as in all others involving the 
snout, the start is on the midline* 
Orbit is the cavity in the skull containing the eye. 
Pootorbital length of head is the greatest distance from the back of the orbit 

to the end of the membranous opercular margin* 

Interorbital width is the horizontal distanbe between the eyes across 
the top of the hoad, (Sometimes the dividers are pressed tightly 
against the bony rims, measuring the least bony width, other times 
the dividers are not squeezed but measure 
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the distance with the fleshy rim included, the least fleshy width. The 

measurement is usually specified.) 

Length of orbit is the greatest distance between the orbital rims f and is 
often taken on the oblique. 

Length of eye, or eye diameter (Fig. 13 ) is the measurement across the cornea, 
between the margins of the cartilaginous eyeball, M 13ye 5 ft means the 
length of the eye is contained 5 times in the length of the head. 
Standards for common terms are* very large, 3*9 and lessf large, 4*0 to 
4*9f moderate, 5.0 to 649$ small, 1.0 to 9.9} very small, 10 and above. 
These measurements are for adult specimens, young fish have relatively 
larger eyes, 

Length of upper jaw, sometimes called maxillary length, is the distance from 
the tip of the upper Jaw to the back end of the maxilla. 

Gill rakers (Fig* 12 ) are slender rods or blunt knob-like projebtions from 

the anterior face of the gill arch. The count of the number of gill rakers 
is made above and below the angle or bend of the first arch, the upper 
number being mentioned first. The formula 6 / 13> for example, indicates 
6 rakers on the upper arm, and 13 rakers on the lower. If the count is 
taken along the lower limb only, it is usually so stated. If a gill raker 
is at the angle of the arch, it is included in the lower arm count. All 
rudimentary rakers are included in the count unless otherwise stated* 

Pharyngeal teeth (Fi&. 11 ) are on the pharyngeal (throat) bones, located deep 

in the throat. They are modified fifth gill arches. They may be removed 
byy use of a needle with a hook in the end, a pair of fine tweezers or 
small knife. Care must be taken or the bone will break or the teeth will 
be broken off, A convenient way is to use the hooked needle, carefully 
inserting between the gill opening at the back of the opercular cavity 
and directly under the shoulder girdle, hooking onto the pharyngeal bone 
and gently pulling forward and outward. Caution also must be used in 
teasing the flesh away from the teeth so that they are not broken. With 
a little practice this removal and cleaning can readily be done. 

Pharyngea^ teeth counts (Fig, 11 ) give the number of teeth on the pharyngeal 
bones. In minnows and suckers the pharyngeal bone usually has 1 to 3 
rows of teeth. The teeth In each tfow are counted and given in order from 
left to right. The formula 2, 4 - 4> 2 indicates that on the left 
aide there are two teeth in the lesser or outer row, four teeth on the 
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main or inner row, while on the right side there are four teeth on the 
inner and two teeth on the outer row. A fl 4-4 " formula indicates only 
one main row with four teeth} while a lf 1, 4-4, ft would indicate that 
the lesser row is represented on the left side, but not on the right . 
Branohiostegal rays or Branohiostegals are bony rays supporting the membranes 
which close the gill cavity below the opercular bones* The number of 
these rays are frequently given. 

The Pins 

Dorsal fin or fins (Fig.1 ) are unpaired fins on the back. Spiny or spinous 
dorsal fin (Pig. 1) is the front portion of the double dorsal fin which 
consists of unb ranched, non-joined spines. 

Soft dorsal fin ( Fig.1 ) is the back portion of the double dorsal fin which 

consists of soft rays which are usually flexible and branched. Occasion- 
ally the soft dorsal also will have spines* 

Anal fin (Fig.1 ) is the unpaired fin on the lower side of the fish behind the 
anal opening. 

Caudal fin (Pig1 ) is the large unpaired fin at the posterior end of the body, 
the tail fin. 

Pectoral fins ( Fig.1 ) are the front paired fins attached to the pectoral arch. 

Pelvic fins (Fig. 1 ) are the posterior or lower paired fins attached to the 

pelvic girdle. They are considered abdominal (Pig. 13) when they are near- 
er the anus than to the pectoral fins. They are considered thoracic 
(Fig.1 ) when they are nearer the pectoral fins than the anus. 

Adipose fin is the small fleshy fin-like structure behind the dorsal fin, as 
in some catfish. This is sometimes more or less continuous with the 
caudal fin, being separated only by a slight notch, but most generally 
it is separate* 

Pin ray counts (Pig. 14) In counting the fin rays, rudimentary rays are omitted 
unless specifically mentioned. In descriptions Arabic numerals indicate 
the number of soft rays, and Roman numerals indicate the number of spines. 
If the fin is continuous and contains both spines and soft rays, a comma 
separates the numbers. "Dorsal fin X, 13" indicates a single fin with 
10 spines and 13 soft rays. Two separate fins are indicated by a dash 
deparating the numerals "Dorsal X - 12" indicates a single dorsal with 
10 spines and 12 soft rays. "Dorsal X - I, 12" indicates a spinoua 
dorsal fin with 10 spines, and a second fin with one spine and 12 soft rays, 
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Figure 14. Fin ray count a 



a* dorsal fin 




b. anal fin 
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Paired fin ray counts include all rays. 

Rudimentary rays are those rays, generally at the beginning of the fin, 

which are unbranohed, membraneless, closely joined to one another f 

and in ordinary cases not more than half the length of the fully 

developed rays. 
Last ray of dorsal and anal fins (Fig. 14)* The last ray of the dorsal 

and anal fins is split to the base appearing as two ray a, although 

it is counted as one ray. 
Height of dorsal and anal fins is taken from the origin of the fin to 

the tip of the anterior lobe. 
Length of longest dorsal or anal ray is taken from the structural base 

of the ray to its tip. 
Length of pectoral and pelvio fins. The length of the paired fins is 

the distance from the extreme base of the uppermost f outermost or 

anteriormost ray to the farthest tip of the fin* 
Origin or Insertion (Fig. 13 ) of a fin are identical terms used for the 

plaoe where the first ray or spine of the fin protrudes from the 

body. Generally origin is used for unpaired fins, and insertion is 

used for the paired fins. 
Position of a fin is the distance from the tip of the snout to the base 

of the first ray or spine. For example, a fish description may 

give the position of the dorsal fin as contained twice in the fish 1 * 

length. 

Scale Counts 
Lateral line scale count (Fig. 13) represents the number of scales in 

the lateral line, or if the lateral line is absent, the number of 

scales along a line in the position the line would normally occupy. 

The most anterior scale counted is the one touching the shoulder 

girdle. The count terminates at the structural base of the caudal 

fin (standard length point). Scales on the caudal fin base are 

not included* 
Scales above the lateral line (Fig, 13) are counted from the origin of 

the dorsal fin, including small scales, downward and backward follow 

ing the natural row to, but not including the lateral line scale. 
Scales below the lateral line (Fig. 13) are counted upward and forward 

along a natural row from the origin of the anal fin to, but not 

Including the lateral line scale. 
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Scale oount designation* In descriptions, soale counts may be given as 
If 5 or 6 f 80-90, 7 cr 8 11 which indicates the above described scale 
counts* The first figure "5 or 6" indicates the number of scales 
above the lateral line, the nocond series "SO-JKV* indicates the 
lateral line count r and tho third group "7 or 8" indicates the number 
of scales below the lateral line* Scales are frequently referred to 
as large, small, or moderate. Standards for theoo terms are* very 
large, under 40 in the lateral line 5 large, 41-60 j moderate, 61-9? 
small, 91-150; and very email, 151 or more in the lateral line. 

Cheek scales aro counted as the number of rows of scales crossing an imagin- 
ary line from the eye to the preopercular angle* 

Circumference scale count is frequently used in the Cyprinidae. It represents 
tho number of scales crossing a line around the body in front of the 
doroal fin at its origin* 

Caudal pedunclo scale count is taken similarly to tho circumference count, 
but ia made at the nnrroweot part of the caudal peduncle. 

Other anatomical and technical termo used 
in fish descriptions 

Air bladder* A sac filled with air or other gas, lying beneath the backbone* 

It may or may not be attached to the wall of the body cavity and may or may 

not be divided into compartments* It may or may not be connected by a duct 

to the esophagus* It may be absent in some fishes* 

Anal* Pertaining to the anus or vent. 

Anal papilla. A swelling or protuberance in front of tho genital pore and 

behind tho anus or vent. 

Angular* A bony element in the lower Jaw. 

Anus* Posterior opening of the alimentary canal, the vent* 

Apical radii. Grooves running from center of scale to its posterior faoe 

or exposed margin. 

Articular*. Bony element of the lower jaw. 

Articulated. Joint od. 

Axil* The angle between the pectoral fin base and tho body. 

Barbel, An elongated, membranous process attached to the mouth, chin or nose. 
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Basal radii* Grooves running from the center of the eoale to the margin of 

the basal or covered portion of the scale. 

Bony stay. A bony ridge extending from the eye region backwards across the 

oheek and ending in a spine on the opercle* 

Branchial. Of the gills (branchiae). 

Buocal. Pertaining to the mouth. 

Caecal. Sac -like. 

Caecum. A blind sac, or tubular diverticulum, connected with the alimentary 

canal. Plural Caecae. Ex am pi et Pyloric caecae. 

Canines. Conical teeth in jaws which are larger than the rest. 

Card! form. Teeth which are coarse and sharp, like wool cards. 

Carinate. Keeled, having a sharp median ridge. 

Caudal. Pertaining to the tail or caudal fin. 

Caudal spot. A pigment spot near the middle of the base of the caudal fin. 

Cheek. Fleshy areas behind and below the eye and anterior to the operole. 

Chin. Anterior part of region bordered by mouth* 

Chromatophore. A cell containing color pigment. 

Cirouli. Concentric ridges on the surface of the scales. 

Compressed. Flattened from side to side. 

Coraooid. One of the bones of the shoulder girdle, at base of the pectoral 

fin. 

Cranium. Part of the skull enclosing the brain. 

Ctenoid. Scales that bear minute spines or teeth on the exposed surface* 

Cycloid. Scales that are rounded and which bear no teeth. 

Dentary bone. Principal anterior bone of the lower jaw (Fig. 7 ) 

Depressed. Flattened from above downwards, broader than deep. 

Dorsal. Pertaining -to the back. 

Eotopterygoid* A paired bone of the roof of the mouth (Fig. 7 ). 

Elongate* Comparatively long and drawn out* 

Emarginate. Slightly forked or cut off along the margin* 

Entopterygoid. A paired bone of the roof of the mouth behind the ectoptery- 

goid (Fig. J ) 

Entire. With margin complete, not forked* 

Ethmoid* A bone of the skull in the re&ion of the nose* 

Falcate. Sickle-shaped j margin greatly concave* 
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Falciform. Siokle-shapedj falcate* 

Filament* Any Blender or thread-like structure 

Filamentous* Slender or threadlike. 

Fontanelle. An opening between the bones of the skull* 

Frenunu A bridge of tissues which binds or restrains) as the tissue 

which binds the upper jaw to the snout in some species* 

Frontal bone* Bone forming front of skull* 

Furcate* Forked* 

Fusiform* Spindle-shaped. 

Oibbose. Having a protuberance; convex} humpbacked, swollen* 

01110* Breathing organs in fishes. (Fig. 12). 

0111 arches. The bony supports of the gills (Fig. 12)* 

Gill membranes. The thin wall of akin supported by the branch! ostegals, 

and covering the gill opening from below* 

Oonopodlum* An int remittent organ, modified from the anal fin. 

Graduated. Becoming progressively longer in one direction, said of spines 

of certain fishes* 

Orinding surface. A flattened contact area of a tooth (Fig.11). 

Haemal spine. The lower spine of a caudal vertebra (Fig. 8)* 

Humeral blotoh. A conspicuous black area on the shoulder region of certain 

fishes. 

Humeral spine. A spine on the shoulder, as on some oatfish. 

Hyaline . Transparent . 

Hyold. A bone in the floor of the mouth, a tongue bone. 

Hyomandibular. One of the chain of bones forming the suspension of the 

lower jaw which connects it to the skull. 

Hyperooraooid. A bone in the shoulder girdle, at base of pectoral fin. 

Hypocoraooid. A bone in the shoulder girdle, at base of peotoral fin. 

Hypural. The expanded last vertebra. 

Imbricated. Overlapping. 

Inarticulate. Not jointed. 

Incised. Margin deeply notched. 

Included. Refers to lower jaw position usually, lower Jaw enclosed within 

upper jaw, not projecting. 

Inferior* Lower* 



Inferior mouth. Mouth decidedly on tho underside of the head, opening down- 
wards 

Infraorbital bones. A ohain of small bones below the eye (Pig. 7 ) 
Infraorbital canal. That portion of the lateral line system which passes 
behind and below the eye onto the snout. 

Interneurals. Tho bones by which the rays of the dorsal fin are connected 
with the neural spinos of the vertebrae. 
Interorbital space. Tho space between the eyes. 

Interopercle. A bone of the lower part of the side of the head. (Fig. 7). 
Intr omit tent organ, or Gonopodium. A male reproductive organ developed in 
some live-bearing fishes from the modified anal fin. 
Isthmus. The fleshy interspace between the gill opening. 
Keeled. Having a sharp median ridge. 

Lanceolate. Shaped like the long, narrow, tapering head of a spear. 
Larva The young of an animal, which must undergo a change of appearance 
before becoming an adult. 
Lateral. To or towards tho side. 

Lateral band. A horizontal pigmented band along the side of a fish. 
Lateral line. (Fig. 13). A series of sensory organs, tubes or pores along 
tho sides of the body of some fishes. The lateral line may be complete, even 
extending onto the caudal finj incomplete, not reaching the caudal base; or 
entirely absent. The lateral- lino system may also extend onto the head where 
it divides into several branches. 'The lateral line is a structure and is not 
to be confuoed with color stripes of the lateral band. 
Leptocephalus. Larva of the oel. 
Lingual. Pertaining to the tongue. 
Longitudinal. Running lengthwise. 
Lunate. With a broad shallow notch. 
Mandible. The lower jaw. 
Maxilla or maxillary. Upper jaw (Pig. 7 ) 

Maxillary barbel. The barbel attached to the edge of the maxilla. 
Melanophore. A black pigment cell. 

Membrane bone. One formed within the skin f not a part of the original 
skeleton, as opercles in fish. 
Mesoooraooid. A bone of the pectoral girdle. 

Metapteryeoid. One of the chain of bones connecting the lower jaw to the 
skull. 
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Molar. Teeth with a flattened, grinding surface* 

Muzzle. The projecting part of the head including jaws, mouth and nose. 

Myomere. A muscle segment. 

Naked. Applied to fishes which lack scales on the body. 

Nape. The back of the neok behind the occiput. 

Nasal. Refers to nose. 

Nasal bone. A bone on the roof of the nose. 

Nostrils. Openings into the nasal chamber. 

Neural spine. The uppermost spine of a vertebra. 

Nuchal. Pertaining to the nape. 

Nuptial tubercles. Outgrowths on head, body, and fins in the form of 

granules or tooth-like swellings that appear on some breeding fishes, 

especially males. Sometimes called pearl organs. 

Obliquo. Slanting or sloping. 

Obsolete. All but disappeared} only faintly apparent. 

Occipital. Refers to occiput or back of head. 

Opercle. The posterior membrane bones on the side of the head} the 

principal bone of the operculum (Fig. 7 ) 

Operculum. Gill cover. 

Opercular bones. The series of membrane bories on the sides of the head of 

a fish (Fig. 7 ) . 

Opercular flap. Prolongation of the upper posterior angle of the operole. 

Oral valves. Thin, membranous flaps used in breathing} just inside the 

mouth opening on the upper and lower jaws. 

Osseous. Bony. 

Oviparous. Egg laying. 

Ovoviparous. Producing eggs which are hatched within the body before birth. 

Ovum. Egg. 

Palatine. A paired bone of the roof of the mouth, just back of the voner, 

one on each side (Fig. 7 ) 

Palatine teeth. Teeth borne on the palatine bones. 

Paired fins. The pectoral and pelvics. 

Parietals. Roofing bones of the skull, above and just back of the eye. 

Parr marks. Vertical dusky bars on the sides of the young of some fishes. 

Pearl organs. Hard tubercles or granules developed on some breeding fishes, 
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especially males f also called Nuptial Tubercles . 

Pectinate. Having teeth like a comb. 

Pectoral. Pertaining to the breast. 

Pectoral arch. A bony framework usually connected to the skull and supporting 

the pectoral fins. The ohoulder girdle. 

Pelvic arch or girdle. The bony framework supporting the pelvic fins. The 

pubic bones. 

Pendant. Hanging down. 

Peritoneum. The membranous lining of the abdominal cavity. 

Pharyngeal bones. Bones representing the 5th gill arch, behind the gills, 

near the entrance of the esophagus. As a rule they bear teeth* 

Pigment. Coloring matter. 

Plankton. Microscopic and semimicroscopio free floating plants and animals in 

the water. 

Post-clavicle. A bone in the shoulder girdle. 

Post frontal. A bone of the skull. 

Post-temporal. The bone in the shoulder girdle connecting it to the skull* 

Post-orbital . Bones of the orbital series, behind the eye (Pig. ?) 

Precoracoid arch. Bony arch in front of the coracoid in soft-rayed fishes. 

Pref rental. Bone of the skull. 

Premaxillaries. Paired bones forming the front of the upper Jaw. 

Preopercle. Membrane bone in the cheelj:. 

Preorbital. Bone in front of the eye. 

Prickles. Small spiny projections. 

Protractile. Capable of being drawn forward. 

Proximal. Nearest the axis of the body. 

Pseud obranchia. Rudimentary gill-like structures on the inner, upper side of 

the oporculum. Do not function as gills. Plural: Pseud obranchiae. 

Pterygoids. Paired bones in roof of mouth, just back of palatines. 

Punctate or punctulate. Dotted. 

Pjrlorio Caeca. Finger-like appendages arising from junction of the stomach and 

intestines. 

Quadrate. One of the chain of bones connecting lower jaw to the skull. 

Radii. Grooves on fish scale radiating from center or focus to margins* 

Ray. A supporting rod for a fin; two kinds, hard or spiny* and soft and flex- 

ible (Pig. H). 
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Rudimentary. Poorly developed. 

Soute. A bony or horny plate* 

Serrae. Structures resembling saw teeth. 

Shoulder girdle. The pectoral arch which supports the pectoral fin. 

Striate. Striped or streaked. 

Sub*. A prefix to mean nearly, almost, In a lower position, below, beneath, 

under, slightly, moderately. 

Suboperole. Bone below opercle (Fig. 7 ). 

Suborbitals. Same as infraorbitals (Pig. 7). 

Sub terminal. Mouth so placed that upper jaw projects slightly over the 

lower. 

Super olateral. Facing upward and outward. 

Supplemental maxilla or supramaxilla. A bone lying on the upper posterior 

part of the maxilla, closely united to it (Fig. 7 ). 

Supra occipital. The unpaired bone at the back of the skull, usually with 

a crest above. 

Supraoral. Above the mouth. 

Symphyais. The point of union of the two parts of the lower jaw In frontj 

the tip of the chin. 

Sympleotic. Bone joining the quadrate and the hyomandibular. 

Swim bladder. Same as the air bladder. 

Terete. Cylindrical or tapering. 

Terminal barbel. At the end of the maxilla. 

Terminal mouth. The mouth situated in a horizontal axis with body so that 

neither the upper or lower jaw projects. 

Thoracic. Pertaining to the chest or thorax. Applied to pelvio fins when 

they are forward, olose to the pectoral fins. 

Transverse. Crosswise. 

Truncate. Cut squarely off, as caudal fin in some fishes. 

Typical. Of a structure the most usual in a given group. 

Ultimate. Last or farthest* 

Vent. Posterior opening of the alimentary canal, the anus. 

Ventral. The lower surface. Occasionally the pelvio fins are called vent- 

rals. 

Ventral Profile. The ventral outline of a fish as seen from the side. 
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Vertebra* A single bone in the spinal column. Vertebrae- -more than one 

spinal bone* 

Vertebral column* The aeries of vertebrae making up the backbone. 

Vertical fins. The single fins dorsal, anal and caudal on the medial 

line of the body. 

Villiform. Slender, crowded teeth forming velvety bands. 

Villose. Covered with villi, or small slender projections, 

Viviparous. Bring forth young alive. 

Vomer. Bone of anterior roof of mouth, lying immediately behind premaxilla- 

ries; often bear teeth. 

Veberian Ossicles or Apparatus. A chain of bones developed in connections 

with the modified anterior vertebrae and connecting the air bladder with the 

inner ear in catfish, oarp and other minnows. 
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Use of the Keys 



It is hoped that the keys which follow will enable one to identify 
any fish which may be caught in Syrian waters* It is to be remembered, 
however, that several of the species are very difficult to identify until 
considerable experience has beon had in this work. Young specimens of 
many species are also very difficult to identify with certainty, and there- 
fore as a beginning only adult specimens should be used. Later as one gains 
experience in this field, the identification of the young specimens may be 
undertaken. In the keys provided there has been no allowance made for 
hybrids between two species or genera. Hybrids do occur in nature and gene- 
rally are recognized because their characters aro intermediate between those 
of the parent species. 

To find the namo of the fish you havo, the first step is to begin 
with item 1 a in the Key to the Families of Fishes of Syria. Throughout the 
series of keys prepared there are always two choices to be had 1 a or 1 b, 2 
or 2 b and so on until you find the correct identification of your fish. 

Thus let us take an imaginary fish now and "run" it through the keys* 
First we turn to the Key to the Families of Fishes as mentioned above* We 
have two choices so let us assume our fish is in the group 1 b. It has a 
body that is not eel-like and has pelvic fins. Next, we go to item 3$ either 
a or b. Determine whichever la correct. Lot us again assume 3 b to be 
correct and then we must proceed to item 4 a or 4 b. Again decision is made* 
Assuming 4 b to be correct we proceed to 5 a r 5 b a ^d compare our fish with 
these items. This time we will assume that our specimen has 2 dorsal fins 
(5 a) so we proceed to item 6 a or 6 b under this statement* Again our speci- 
men has rays in the second dorsal so it belongs to the Family Mugilidae. We 
then turn to the page in the book indicated for the Family Mugilidae. Here 
we will find a description of the family followed by a Key to the Genera of 
Mugilidae. After checking the description to make sure the fish fits this 
description, we proceed to run it through the Genera key. Again we make the 
choices called for between the items as we did under the Family key. Assume 
again that our fish falls in item 1 b. This gives reference to the Genus 
Liza. Turn to the page with the description of the Genus Liza and again 



oheok the description* If the fish fits this description we proceed to the 
Key to the Species of the Genus Lisa* and again make our choices as to hem 
our specimens fits the items. When we have made our choice we will proceed 
to the detailed description of the species and oheok to see if our fish fits 
in all characters given. If it does, in all probability, we hare properly 
identified our specimen. If it does not fit the description, we must begin 
again and oheok more closely on the individual items in the key. 



KEY TO THE FAMILIES OF FRESHWATER FISHES OF SYRIA 

la. Body eel-like) no pelvic fins 
2 a. Back with a series of short 

spines .MASTACEHBELIDAEf page 156 

2 b. Baok without spines. ....... ANOUILLIDAE, page 46 

1 b. Body not eel -like) with pelvic fins 

3 a. Origin of pelvic in front of point 

of insertion of pectoral fins BLENNIDAE, page 51 

3 b. Origin of pelvic in back of point 

of insertion of pectoral fins 
4 a. Baok with Isolated spines. ........... .OASTEROSTEIDAE, page 1 54 

4 b Back without isolated spines 
5 a. Two dorsal fins 

6 a. Second dorsal with rays...... MUOILIDAE, page 159 

6 b. Second dorsal without rays 
(adipose) 

7 a. Conspicuous folds on chest...... SISORIDAE, page 178 

7 b. No conspicuous folds on 

chest BAQHIDAB, page 48 

5 b. Single dorsal fin 

8 a. Dorsal fin far back, above or 

behind anal 
9 a. Dorsal fin with 9 or 

more rays f CYPRINODOHTIDAB, page 150 

9 b. Dorsal fin with 6 or 7 

rays .POSCILIIDAE f page 169 
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8 b. Dorsal fin in front of anal 

10 a. Body without scales*.. * 4. ..SILURTDAB, page 172 
10 b* Body with scales 

ll.a. Mouth with 6-10 barbels OOBITIDAB, page 69 

11 b* Mouth with less than 5 

barbels or none 
12 a. Anal fin with 3 or 

more spines.. .... CICHLIDAB f page 52 

12 b. Anal fin without 

spines, or with one 

spine .CYPRI1TIDAB0 page 79 
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DESCRIPTIONS OF THE PISHES OP SYRIA 



FAMILY ANOUILLIDAB 

Body serpentine or eel-shaped, elongate and cylindrical, covered with fine 
oalea which are deeply imbedded in the skin) head naked} lateral line present | 
skeleton osseous) vertebrae numerous, anterior ones not modified) pelvio fins 
absent | no spines on fins) dorsal and anal fins continuous with caudal) mesooo-* 
raooid absent) gill openings much restricted, about as wide as the base of the 
peotoral fins) operoulum small, oonoealed beneath skin) mouth terminal, jaws 
about equal) premaxillaries absent) maxillaries lateral, separated on the medium 
line by the coalesced ethmoid and vomer) maxillary, mandible and vomer with card!* 
form teeth) air bladder with open duct. Young pass through a larval stage, a 
ribbon shape, known as a Leptooephalua, 

One genus represents this family in Syria. 

Qenus Anguilla Shaw 

Body elongate, compressed behind, covered with imbedded scales whioh are 
linear in form and placed obliquely, some of them at right angles to others) 
lateral line well developed) head long, conical, moderately pointed) teeth small, 
sub equal, in bands on eaoh jaw and a long patoh on vomer) tongue tip free) lips 
full, with margin free behind, attached by frenum in front) lower jaw projecting) 
gill openings rather small, slit-like, about as wide as peotoral base and partly 
below peotoral) nostrils superior, well separated, the anterior with a slight 
tube) vent close in front of anal) dorsal origin at some distance from head, con- 
fluent with anal around tail) pectorals well developed* 

A single speoies represents this genus in Syria. 

Anguilla anguilla (Linnaeus) 

Head length oontained 1 1/2 - 1 1/3 times in distance from gill opening 
to origin of dorsal) 2 1/3 to 2 2/3 in distance from gill opening to vent) 
distance of origin of dorsal in front of origin of anal as long as or longer 
than head) -lips narrow) lower Jaw prominent) angle of mouth below eye) eye snail 
to moderate, shorter than snout) maxillary teeth equal and small) the tall is 
considerably longer than the body. 

Colon brown, with lighter underneath, often tinged with yellow* 

The life history of the Bel is a fascinating story, and only highlights 
will be given here. The eel lives in fresh water, in rivers and lakes* At 
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Figur* 15. Atutuilla anguilla 
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maturity, between 6 1/2 and 8 1/2 years, It undergoes a oolor change, 
becoming silvery on the belly and darker above. It migrates to the ooeaa 
and swims to an area between Bermuda and the West Indies* The eel spawns 
in the depths of the ocean, reportedly as deep as 300 meters* Spawning 
takes plaoe in winter and early spring* The eggs hatch near the surface and 
the larvae, called Leptocephalus, drift with the Gulf Current* During this 
drifting period they grow to a length of about 3 inches. At this stage they 
ohange from the thin, flat, leaf-like form into a body form resembling the 
adult* These young eels are called Elvers* The elvers enter the rivers and 
streams where they grow up to lengths of 2 meters* The male generally stays 
near the river mouths while the female goes far upstream* It takes nearly 
3 years for the larva to ohange into the elver, during which time it again 
Grosses the Atlantic Ooean. The adults die after spawning* 

The food of the larval eel is plankton* The food of the adult is 
almost anything* It is omnivorous, feeding on all forms of animal food* 
as well as plant materials* 

This species may be taken in the rivers flowing into the Mediterranean 
Sea, especially the Orontes* Eels are good eating* 

FAMILY BAQRIDAB 

The rayed dorsal fin is always present* short, with not more than 
12 soft rays, and belongs to the abdominal portion of the vertebral column, 
being placed in advance of the pel vies* The adipose fin is always present 
and well developed* although frequently short The extent of the anal 
is much inferior to that of the caudal vertebral column. The gill membranes 
are not confluent with the skin of the isthmus, their posterior margin 
always remaining free, even if they are united with each other. Whenever 
the nasal barbel is present* it belongs to the posterior nostril * The 
anterior and posterior nostrils are remote from each other* 

Genus Mystus Soopoli 

Body moderately elongate and naked. Head depressed or compressed and 
ventrally flattened* $ye small, superior, with a free circular eyelidf placed 
above the angle of mouth thus not being visible from below ventral surface} 
orbital rim free. Nostrils small, in two pairs, set apart before the anterior 
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and of orbit) a pair of barbels on the posterior pair. Mouth wide and 
transverse, oleft of mouth not extending halfway to orbit* Jaws sub -equal, 
upper jaw slightly longer) but in some speoies almost equal . Lips cutaneous 
and surrounding gape of mouth. Teoth numerous, villifonn, in an uninterrupt- 
ed semilunar band across the palate and on upper jaw; band on lower Jaw 
interrupted in middle and deeply curved. Gill openings very wide extending 
forward for a considerable distance on the ventral surface. Gill membranes 
free, but overlapping each other and free from the isthmus. Upper surface 
of head plain or rough, with a median longitudinal groove. Occipital process 
of varying length and concealed by skin or slightly naked. Interneural shield 
may or may not be present. 

Pour pairs of barbels, one pair of maxillary barbels always longer 
than head, one pair of thin nasal barbels, two pairs of mandibular barbels, 
one inner pair always shorter than head, and other pair of varying length. 
Two dorsal fins, and anterior rayed dorsal with 7 rays and a serrated spine) 
a posterior soft adipose dorsal, free behind; rayed dorsal fin placed nearer 
tip of snout than base of caudal fin. 

Pectoral fin with 8-10 rays and a pungent spine, stronger than 
dorsal spine. Pelvic fin with six rays not reaching base of anal fin. Pair- 
ed fins almost horizontally inserted. Anal papilla may or may not be present. 
Anal fin with less than 15 rays, short, not reaching base of caudal fin. 
Caudal fin bilobed or forked, lobes being unequal and sometimes prolonged 
into filamentous extensions. Alimentary canal stomach usually spacious 
with esophagus united at right side of stomach) intestines coiled. 

Air bladder of varying shapes, placed immediately below the 
alimentary, anteriorly connected, but posteriorly free. Internally a longi- 
tudinal complete or incomplete septum is present. 

Mystus pel us ius (Solander) 

The height of the body is contained 5 1/3 times in standard length) 
length of head 4 1/2 times. Head rather broader than high) its greatest width 
being 3/5 of its length. Snout somewhat depressed, not very broad, its length 
2/5 of that of the head) the upper Jaw is longer. Nasal barbels small) those 
of the maxlllaries extend to the origin of the adipose fin. Dorsal spine of 
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Figure 16. My at us pelusius 
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moderate strength, scarcely serrated behind} as long as head without snout* 
Dorsal fin rounded above The adipose fin commences immediately behind 
the dorsal and is nearly three times as long} it is lower than the hinder 
part of the tail. Caudal fin forked, with the lobes rounded, the upper 
being the longer* Pectoral spine as long as, but stronger than that of the 
dorsal fin f very strongly serrated* The pelvio fin is inserted below the 
end of the dorsal, and does not extend backwards to the origin of the anal. 
Dorsal rays I, 7} Anal rays 12} Pectoral rays I, 8} pelvio rays, 6. 
Colort Grayish black above, with belly somewhat lighter* 
At the present time nothing is known of its life history in Syrian 
waters* Specimens have been taken from the Orontes River, the Khabour 
River and are reported from the Kueik River* 

FAMILY BLENNIDAE 

Body elongate, low, more or less cylindrical, naked or covered with 
soales, which are generally small* The infra-orbital ring does not 
articulate with the preoperoulum* One, two or three dorsal fins* occupy** 
ing nearly the whole of the back} if a s pi nous dorsal is distinct it is 
as much or more developed than the soft portion} sometimes the whole dorsal 
is composed of spines. Anal fin long* Pelvio fins are jugular* composed 
of few rays* and sometimes are rudimentary or entirely absent. Air bladder 
generally absent} pylorio appendages are absent* Pseudobranchiae are 
present 

Oenus Blennlua Linnaeus 

Body moderately elongate, naked} snout short} a single dorsal without 
detached portion} pel vies jugular* formed by a spine and 2 rays* Cleft Of 
mouth narrow} a single series of immovable teeth in the jaws, generally a 
curved tooth behind this series in both jaws or in the lower. A tentacle 
above the orbit more or less developed, sometimes absent* Gill opening 
vide* Bsanchiostegals 6} pseudo-branchiae present} air bladder and pylorio 
appendages none* 

One species represents this genus in Syria* 
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Blennius vulgar is Pollini 

The height of the body 10 nearly equal to the length of the head, 
and 1/5 of the total length* The enout is slightly produced. A curved 
tooth on eaoh side of the jaws* Orbital tentaole very small The dorsal 
fin begins in the vertioal from the extremity of the operoulum, is very 
slightly notched, and is not continuous with the caudal. Dorsal rays XII, 
18-20) Anal rays 18-20. 

Colors Back brownish-olive) sides somewhat lighter) belly yellowish- 
white* Brownish spots, circular or oval, more or less accentuated on the 
baok and sides* Sometimes two or three bands of brown on the cheeks. 

This fish was taken in several ooastal streams along the Mediterr- 
anean Sea* 

The blennie is a small aotive fish that lives close to the stream 
bottom among the rooks and plants. They seldom grow larger than 15 centi- 
meters. The blennie is one of the rare fishes of Syrian waters* Its food 
consists mainly of small bottom dwelling organisms* Because of its small siee 
and scarcity, it is seldom used as a food fish* 

FAMILY OICHLIDAB 

Body elevated, oblong or elongate, scaled, the scales generally being 
otenoid* Lateral line interrupted or sub-interrupted. One dorsal fin, with 
a developed s pi nous portion) three or more anal spines) the soft anal similar 
to the soft dorsal* Pelvic fins thoracic, with one spine and five soft rays* 
Teeth in the Jaws small) palate smooth. The lower pharyngeal bone triangular, 
with a median suture* Branohiostegals 5 or 6) gills 4) pseudobranohiae none) 
air bladder present* Pylorio appendages none (or in small number)) stomach 
with a oaeoal appendage. The abdominal and caudal vertebrae are nearly equal 
in number*, or the number of the former is slightly increased* 

The species with lobate teeth and with many circumvolutions of the 
intestine are herbivorous, the others carnivorous* 

The family is represented by three genera in Syrian waters* 



Figure 17- Blenniua vulgaris 
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KEY TO THE GENERA OF CICHLIDAB 

1 a* Lover pharyngeal without blunt teeth TILAPIA 

1 b. Lower pharyngeal with blunt teeth 
2 a. Lower pharyngeal with middle group 

of enlarged teeth TRISTRAMSUA 

2 b. Lower pharyngeal s with posterior 

group of enlarged blunt teeth HAFLOCHROMia 

Genus Haplochromia Uilgendorf 

Body short or moderately elongate; scales ctenoid} two incomplete 
lateral lines* Teeth in 2 or more series, the outer conical or bicuspid, 
the inner usually tricuspidj maxillary bone exposed at the end when the 
mouth is closed. Dorsal fin with XIII - XIX spines* Anal with III-VT spines* 
28-32 vertebrae* 

This genus is represented by one species in Syria. 

Haplochromis flavi-josebhi (Lortet) 

Depth of body 2. 1 to 2.9 in length, length of head 2.6 to 2.1. Snout 
from as long as diameter of eye to 1.3 times as long. 3 to 4 times in head 
length. Diameter of eye 4 to 4.2 times in length of head, depth of 
poreorbital 5.3 to 5.6$ interorbital width 4.2 to 5f lower jaw length 2.5 to 
2.7 In head. Maxillary extending to vertical from anterior edge of eye or 
beyond. Teeth in 3 series, outer unequally bicuspid or (in large males) 
conical, inner unequally tricuspid or conicalf 38-44 in outer series of upper 
Jaw. 7 gill rakers on lower part of anterior arch (excluding that at angle) % 
3 or 4 series of scales on the cheek. Lower pharyngeal bone larger in male 
than in female, with a posterior group of enlarged blunt teeth. 28-29 
in longitudinal series, 5 or 6 from origin of dorsal to lateral lino, 4 to 
6 between pectoral and pelvic fins. Dorsal fin XIV, 9-10$ Anal XIX,. A-9. 
Caudal fin subtrunoate. Caudal peduncle a little longer than deep. 



Fiur 18. 
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Colon Generally dark olivaceous. Traces of three dark bands one 
along middle of body, one along upper lateral line, and one at base of dorsal 
fin. In male, 1 to 3 bright ooellated spots anal fin. 

This fish was taken in the springs of Muzerib and will also be found 
in Lake Tiberias and the waters connected with it. 

Little is known of its life history. 

Genus Tilapia A. Smith 

Body compressed, oblong, covered with scales of moderate size) operoles 
scaly. Dorsal spines numerous, anal spines three. Teeth compressed, more or 
less lobate, in one series, behind which are other series of immature teeth. 
Anterior prominences of the branchial arches short, thin, lamelliform, non- 
serrated. Dorsal fin not scaly. Intestines with numerous circumvolutions* 

KEY TO THE SPECIES OP TILAPIA 

1 a. Gill rakers less than 12 on lower part of anterior arch ...... . zilli 

1 b. Gill rakers more than 13 on lower part of anterior arch 

2 a. Teeth in upper jaw, small, stout, in three or four rows; lower jaw 
with 3 to 5 rows of teeth} lower pharyngeal with toothed area more 
nearly triangular than heart-shaped, bearing numerous slender teeth 
which are neither so small or as densely packed as in . galilaea 
........... ...................................... ... T . nilotioa 

2 b. Teeth in upper jaw very slender in 5 r 6 rows} lower jaw with 5 

to 7 rows of teeth} lower pharyngeal with toothed area heart-shaped, 
with broad rounded lateral lobes, bearing densely crowded slender 
teeth ................................................ 2* galilaea 

Tilapia galilaea (Artedi) 

Depth of body 2 to 2.3 in length, length of head 2.7 to 3. Length of 
snout 2.9 to 3*4 in head, 1.2 to 1.6 times diameter of eye. Diameter of eye 
4 to 4.8 times in length of head} depth of preorbital bone 3,5 to 4.3| length 
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Figure 19* Tilapia galilaea 
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of lower jaw 3*3 to 3*5, interorbital width 2.3 to 2.1. Teoth very slander, 
in 5 or 6 rows in upper jaw, 5 to 7 rows in lower f outer bicuspid, inner 
triouopid, 92 to 100 in outer series of upper jaw (fewer in small specimens) 
Scales of cheek in two series below eye, sometimes three in front. Preoper- 
culum at angle often wider than scaled part of cheek. 20-23 gill-rakers on 
lower part of anterior arch. Dentigerous area of lower pharyngeal heart 
shaped, with broad rounded lateral lobes, bearing a dense felting of slender, 
crowded teeth. 31 scales in a longitudinal series, 4 1/2 to 5 from origin 
of dorsal to lateral line, 5 to7 between bases of pectoral and pelvic fins 
Dorsal XVI, 13-14} spines strong, last contained 2 to 2 1/4 times in length 
of head. Anal III, 10-11} third spine stouter and a little shorter than 
last dorsal. Pectoral fin 1 1/4 to 1 1/3 times as long as head. Caudal 
peduncle 2/3 to 3/4 times as long as deep, its length contained 2.6 to 3 
times in length of head. Caudal fin slightly emarginate in young. 

Colon Generally dark olive, sides of abdomen silverish, with 
abdomen whitish. No dark bands on vertical fins. 

This fish was found in Lake Tiberias and its connecting waters. 

This fish is commonly called Musht abyad. It breeds by laying 
the eggs on the lake bottom during the spawning act and fertilization 
occurs at this time. Following this the eggs are picked up by either the 
male or female and are incubated in the mouth. After the fry hatch, they 
will return to the parent's mouth in times of danger. After about 10 days 
to two weeks the fry are able to take care of themselves, and quite 
frequently the adults will raise another brood of fish. Spawning occurs 
during April to August. 

The food of the Musht abyad is plankton. They have been reported 
to have reached a length of 35 centimeters and a weight of nearly 1 kilof 
the average size, however, is nearer 20 centimeters and a weight of 200 
grams. 

Tilapia nilotioa (Linnaeus) 

Depth of body contained 2.2 to 2.5 times in standard length, 
length of head 3 to 3 1/2 times. Snout %3. 4 to 3.7 in length of head, 1.2 
to 1.4 times diameter of eye, which is 4.4 to 4.7 in length of head. Depth 
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Figur* 20. Tilapia nilotica 
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of preorbital 4*6 to 5 in length of head, interorbital width 2*5 to 2*8, 
length of lower Jaw 3 to 3*2* Cheek with 2 or 3 series of scales. Teeth 
small , but stouter than in T. galilaea* in 3 or 4 series in upper Jaw, 3 to 
5 in lower, outer bicuspid, inner triouspid, 70 to 80 in outer series of upper 
jaiw* Gill rakors on the lower part of the aroh 18 to 22* Lower pharyngeal 
with dentigerous area more nearly triangular than heart -aha ped, bearing 
numerous slender teeth which are neither so small nor so densely packed as in 
, galilaea. Scales 31 to 33 in a longitudinal series, 4 1/2 to 5 from origin 
of dorsal to lateral line* Dorsal XV-XVI, 12-13 J length of last spine contain- 
ed from a little more than twioe to 2*3 tiroes in length of head* Anal III, 10- 
11} third spine a little shorter than last dorsal* Pectoral a little longer 
than head. Caudal peduncle 3/4 &s long as, deep. Caudal truncate* 

Colors Greenish-olive, shining silvery, each scale with a darker 
center} a dark spot on the operoulumf the soft portions of the vertical fins 
with whitish spots, surrounded by oblique or transverse blackish streaks. 

This species is also found in Lake Tiberias and its connecting 
waters. 

This fish is commonly called Musht lubud, and it may reach a 
length of 50 centimeters and a weight of 2,500 grams. This fish like JT. 
galilaea is a mouth breeder. The eggs after being laid and fertilized are 
picked up either by the male or the female and are carried around in the mouth 
until they are hatched. Following hatching, the small fry will also return 
to the parent's mouth when they are frightened or are approached by other 
fish* Spawning occurs April through June* 

The food of JT. nilotica composed of phytoplankton, zooplankton, 
and insect larvae* 

t 
Tilapia zilli Gervais 

Body depth 2 1/6 to 2 2/3 times in total length, length of head 
2 2/3 to 3 1/3 times* Head 1 2/3 to 2 times as long as broad} snout with 
straight or slightly concave upper profile, a little broader than long, as 
long as or a little shorter than postorbital part of head} eye 3 1/3 (young) 
to 5 times in length of head, 1 (young) to 2 times in interorbital width, less 
than preorbital depth in adult} mouth usually rather large, 3/5 to 4/5 width 
of head, extending to below anterior border of eye, or to between nostril and 
eye. Teeth in 3 to 6 more or less regular series, outer largest, 20 (young) 



Figure 21 . Tilapia 
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to 60 (adult) in upper Jaw, and separated from the others by a rather wide 
interspace; 3 or 4 series of scales on the cheeks, width of 'scaly part equal 
to or greater than diameter or eye in adult. Gill rakers short, 8 - 11 on 
lower part of anterior arch. Dorsal XIV-XVI, 10 - 13f last spine longest, 
2/5 to 3/5 length of headj middle soft rays more or less produced in adult, 
usually as long as head. Anal III, 7-10 (usually 8 or 9)> third spine 
usually shorter than longest dorsal* Pectoral as long as head, or a little 
shorter, rarely slightly longer, rarely extending to vertical of origin of 
anal. Pelvic usually reaching vent or anal. Caudal truncate or rounded, 
aubtruncate, rounded in old specimens. Caudal peduncle as long as deep, 
or a little deeper than long* Scales cycloid or very feebly denticulate, 
28 - 33 in longitudinal series; 3 1/2 above, 11-15 below lateral line; 
lateral linos 17-22, 11-15- 

zilli is easily distinguished from other species of Tilapia 
by the fewer gill rakers, 8 or 9 on lower part of arch, the deeper cheek 
and the almost horizontal mouth, and from all other Cichlidae of this 
region by the lower pharyngeal, which has a very short anterior blade and 
a broad triangular dentigerous area bearing relatively few and larger 
compressed, tricuspid teeth* 

Colon Dark green, olive or brown, usually with 6 to 8 more or 
less distinct dark crossbars, with or without a dark stripe along the 
middle of the side; a black opercular spot; sometimes a dark vertical bar 
below eye; vertical fins with dark markings, which often form oblique 
streaks on the dorsal and anal fins, and may form a network on the caudal 
fin; a black spot on the base of the anterior soft dorsal rays} caudal fin 
often dark, with or without round whitish spots; in life, lowor parts often 
dark blood red* 

This species is also found in Lake Tiberias and its connecting waters* 
Its common name is Muoht addadi* It grows to a length of about 30 centimeters 
and a weight of about 800 grams* 

The oggs are laid in nests built in the bottom muds and are guarded 

by the adults. In this species the young are not taken into the mouth when 


they are frightened. The spawning season is longer than for * nilotica and 

extends from March to July* 
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Oenus Tristramalla Trewava* 

Articular surface for upper pharyngeals formed by the para sphenoid 
only) Inferior apophyses for support of the anterior end of the air bladder 
on fourth vertebra) lower pharyngeal bone with a middle group of enlarged 
teeth. Vertebrae 2? (14 - 15) * 

Key to the Speoies of Tristramella 

1 a. Head 2.5 times in standard length) 

teeth in jaws oonloal *.......... . . .j\ saora 

1 b* Head more than 2* 5 times in standard 

length (2.6-3)} outer teeth in jaws bicuspid 
2 a. Depth of body 2.5 - 2.6 in length) 
eye diameter contained 4*5 ~5 in 

head length. ........... T oimonis simonis 

2 b. Depth of body 2.3 in length) eye 
diameter contained 5 * 57 in 
head length . simonis magdalenae 

Tristramella sacra (Ounther) 

~ -* "" " <***a^*m*** 

Depth of body 2.5 * 2.8 in length) length of head (excluding 
projecting part of lower jaw) 2,5> Snout 2.8 to 3 times in length of head, 
twice to 2.3 times diameter of eye. Diameter of eye 56 to 6*3 times in length 
of head, depth of proorbital 3*9 to 4.7, interorbital width 4.1 to 4.6 f length 
of lower jaw. 2.2 to 2.4* of premaxillary pedicels 3.7 to 4.1. Lower jaw pro- 
jecting. Teeth conical, in 3 or 4 series anteriorly in upper jaw. 2 series 
laterally, 58 to 64 in outer series. 4 or 5 series of scales on the cheek* 
10-11 gill rakers on lower part of anterior arch. Lower pharyngeal bone very 
slightly longer than wide, toothed part twice as long as anterior blade) teeth 
of four middle rows enlarged except posteriorly, lateral teeth slender, not 
densely crowded. 30-31 scales in a longitudinal aeries, 3 1/2 to 4 from origin 
of dorsal fin to lateral line, 5 to 7 between bases of pectoral and pelvic fiiwu 
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tth conical 




Dorsal XIV, 10-11 f last spine about 1/3 length of head. Anal III, 8-9f 
third spine a little shorter than last dorsal. Pectoral 5/6 to 6/7 as 
long as head 9 extending to origin of anal or beyond* Caudal rounded, 
subtrunoate. Caudal peduncle a little longer than deep* 

Colon Dark olive or brown. 

This species is also found in the region of Lake Tiberias. It, 
too f is a mouth breeder, spawning in the spring. It is reported to reach 
a length of 26 centimeters and a weight of 250 grams. Although its food 

is primarily zooplankton and insect larvae, it has been reported that it 

% 
eats small fish also. Its common name is Musht kelb. 

Tristramella simonis magdalenae (Lortet) 

Depth of body 2.3 to 2.4 in the length} length of head 2.6 to 
nearly 3* Length of snout 3.3 to 3*6 in length of head, 1.4 to 1.75 times 
diameter of eye, which is contained 49 to 5*7 times in length of head. 
Depth of preorbital 43 to nearly 5 times in length of head, interorbital 
width 33f length of lower Jaw 2.6, of premaxillary pedicels 35 to 39 
Maxillary not, or just, reaching vertical from anterior edge of eye. Teeth 
in 3 or 4 series, outer bicuspid, inner trlcuspid, 60 to 62 in outer series 
of upper jaw. 4 series of scales on cheek. 9 or 10 gill rakers on lower 
part of anterior arch. Lateral line pores of preoperoulum and preorbital 
single, or at most two or tjtiree at opening of a bony canal. Lower 
pharyngeal bone a little wider than long, the length of its toothed area 
contained 1.5 or 1.6 times in its total length} lower pharyngeal teeth 
slender and crowded laterally, enlarged in 4 to 6 middle series, except 
posteriorly, some blunt. 30 to 31 scales in longitudinal series, 4 from 
origin of dorsal fin to lateral line, 7 or 8 between bases of pectoral and 
pelvic fins. Dorsal XIV-XV, 10-11} last spine 2.6 to 3 times in length ef 
head. Anal III, 8-9 third spine shorter than last dorsal. Pectoral a 
little shorter than head, extending to above origin of anal, or nearly. 
Caudal rounded, subtrunoate. Caudal peduncle as long as deep or a little 
shorter. 

Colors Adult fish dark olivd or brown, sides somewhat mottled but 
not strongly striped, belly lighter. Dark spot on opercle. Dorsal and anal 
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Figure 23* Jrietramella simonio magdalenae 



teeth bicuspid 
60-62 in outer row 




eye diameter 
5-5*7 in head 
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and caudal fins irregularly spotted with dark markings . Pelvic and pectoral 
fins with darkened rays* Young fish show 7 to 8 faint vertical bars and a 
black spot on soft dorsal which fades after fish attain 3 to 4 inches* 

This fiah is found in the waters in the vicinity of Damasbus. It is 
a mouth breeder and follows the pattern described for the Tilapia. It spawns 
from April to August. It grows to a length of about 25 centimeters, though 
usually is smaller. It feeds on vegetation. 

Tristramella simonis eimonis (Gunther) 

Depth of body 2.5 to 2.6 in the length, length of head 2.7 to 2.8, 
Length of snout 1 1/2 times diameter of eye, which is 45 to 5 in length of 
hood. Depth of preorbital 4.5 to 4*8 in head, interorbital width 3*25, 
length of lower jaw 2.5 to 2.6, of premaxillary pedicels 4*2 to 4*3* Lower 
jaw slightly projecting} maxillary not extending to below eye* Teeth in 3 
or 4 series, outer bicuspid, inner tricuspid, 64 to 70 in outer series of 
upper jaw. 3 or 4 series of scales on the cheek. 11 or 12 gill rakers on 
lower part of anterior arch. Lower pharyngeal a little longer than wide, 
1.7 to 1.8 times ao long as the median length of its toothed areaj pharyngeal 
teeth small, pointed and rather numerous laterally, rather Btout in the 
middle series . Lateral line pores on preoperculum and preorbital multiple, 5 
to 10 at each opening of the bony canal. 31 scales in a longitudinal series, 
4 from origin of dorsal to lateral line, 7 between pectoral and pelvic fins* 
Dorsal XV, 10$ last spine 2.4 to 2.6 in length of head. Anal III, 9~10j 
third spine a little shorter than last dorsal. Pectoral as long as head, ex- 
tending to above origin of anal, or beyond. Caudal rounded, subtruncate. 
Caudal peduncle as long as deep, or a little shorter. 

Colon Body dark olive or brown, sides with quite definite vertical 
bars, a dark spot on operculum, belly lighter. 

This species is also found in the La.ke Tiberias region. It is known 
locally as Musht marmur. It, too, is a mouth breeder. It grows to a length 
of about 25 centimeters and a weight of 200 grams. It spawns from March to 
August. It is a vegetable feeder. 
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Figure 24 Tristramella simonis simoniB 



teeth bicuspid 
64-70 in outer row 




eye diameter 
4.5-5 in diameter 
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FAMILY COBITIDAE 

Body rather long. Mouth surrounded by six or more barbels. Dorsal 
fin short or of moderate lengthf anal fin short Soales small, rudimentary 
or entirely absent. Pharyngeal teeth in a single aeries, in moderate 
number. Air bladder partly or entirely enclosed in a bony capsule. Ho 
pseudobranohlae . 

This family is represented by two genera in Syrian waters. 

KEY TO THE GENERA OF COB1TIDAE 



1 a. Erectile, bifid suborbital spine below 

eye Cobltis 

1 b. No erectile, bifid suborbital spine 

below eye. * .*...... Nemaohilus 

Genus Gobi tig Linnaeus 

Body more or less compressed, elongate} baok arched. A small 
erectile, bifid spine below the eye. Six barbels only on upper jaw. 
Dorsal fin inserted opposite to pelvicsj caudal rounded or truncate. Air 
bladder enclosed in a bony capsule. 

Oobitia taenia Linnaeus 

Body much compressed} barbels very short} eye small, in middle of 
the length of the head. Scales inconspicuous* The origin of the dorsal 
fin is somewhat in advance of that of the pelvics. 

Colors Body generally yellowish tan, baok with median line of 
larger brown confluent spots, a lateral line of brown spots, sometimes 
confluent, and a small band of irregularly plaoed brown spots between the 
above two bands. Interspaces between bands finely speoked with brown. 
Belly and lower sides plain. Caudal and dorsal fins with rows of brown 
dots. Head mottled with brown dots, generally a band from eye to end of 
snout. 



figure 25. Cobitia tani 




rotil f 
bifid spin* 
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This species was taken in the Orontes River and is probably present 
in most of the rivers emptying into the Mediterranean Sea. It is usually 
found in the swifter flowing waters, over gravel bottoms* It spawns in 
April or May, laying its eggs which are adhesive on the bottom among the 
small rooks, or among the aquatio vegetation* It is a bottom feeder, a 
scavenger. It may reaoh a length of 12 to 15 centimeters. 

Oenus NemaohiluB van Hasseltine 

Body elongate and feebly compressed, naked or covered with minute 
scales. Mouth small, inferior, enclosed by the lips; three pairs of barbels) 
two on the snout and one on the side of the mouth* Suborbitals small, 
without spines. 0111 slit reduced on the sides* Pharyngeal teeth small, 
pointed and more or less hooked, in a single row* Lateral line complete, 
median* Dorsal short* composed of 10-17 rays with three simple, opposite to 
the pelvios or Just baok of them. Anal short, formed of 7-9 rays, 3 simple* 
Air bladder entirely or partially enclosed in a bony capsule, open on the 
sides* 
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EBY TO THE SPECIES OP gEMACHILUB 

1 a. Body mottled with black spots 

2 a* Snout produced, pointed, length more than post orbital 

portion of head I. insignia 

2 b. Snout abort, obtuse, equal or shorter than 

post orbital portion of head 
3 a* Dorsal tin border convex, origin nearer base 

of caudal than tip of snout ...... . . . K. panthera 

3 b. Dorsal fin not convex, origin nearer tip of 

snout than base of oaudal 

4 a. Dorsal fin margin concave, black band on snout... K. frenata 
4 b. Dorsal fin margin straight , no blaofc band 

on snout H. galilaeus 

1 b. Body barred 

5 a. 10-12 irregular crossbars, black band from eye 

to snout H. argyrograinma 

5 b. 15 or more crossbars \ usually no black 

band on snout ti^ris 

Nemaohilus argyrogranuna (Eeokel) 

The height of the body equals the length of the bead and is 
contained 4 1/3 to 4 1/2 times in the length without the caudal. The 

head is 1 1/2 times as long as wide* The snout is obtuse* The eye is 

i 

oontained about 5 times in the length of the head, 2 times in the snout 
length, and 1 1/2 times in the interorbital space. The barbels of the 
snout have the inner pair equal to the eye and the outer pair a little 
longer { the barbel at the angle of the mouth is about 1 1/2 times the 
eye diameter* The dorsal origin is a little nearer the snout than the 
origin of the caudal} its longest rays measure about 3/5 the length of 
the he ad | its superior border is straight or slightly rounded* The anal, 



Figure 26. Nemaobilus argyrograaroa 



10-12 bars 





Figure 27* Hemachilug frenata 



black band 
around snout 
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a little less high than the dorsal , does not reach the caudal. Dorsal fin 
ray us 3 simple, 8 or 9 branched; anal fin rays, 2 simple , 5 branched. 
The pectoral Is 3/4 the length of the head, and goes beyond 1/2 the distance 
from the origin of the pelvic. The pelvic fin is inserted a little back of 
the origin of the dorsal. The oaudal peduncle is 1 1/3 times as long as 
high. The oaudal is emarginate. 

Colon General coloration is yellowish white with 10 - 12 lateral 
brown bars more or less interrupted by a longitudinal silver line. The head 
is brown on top, clear underneath, with small dark spots on the sides and a 
dark line going nearly from the eye to the extremity of the snout. Otae end 
of the oaudal peduncle is black barred. The dorsal and oaudal fins are more 
or less barred or spotted with dark color. 

This fish has been collected in the Orontes, Khebir, Afrin and Banias 
Rivers. Little is known of its life history. 

Nemaohilus f renata (Heokel) 

Caudal fin slightly emarginate. Origin of the dorsal fin nearly 
midway between the end of the snout and the root of the oaudal. The height 
of the body is soaroely less thui the length of the head, which is nearly 
one-fifth of the standard length. Snout short, obtuse, much shorter than 
the post orbital portion of the head. Eye rather small. Length of the 
pectoral about one-half of the distance of its base from the ventral. Upper 
margin of the dorsal fin straight, not very oblique. Dorsal fin rays, 3 
simple, 8 branched; anal rays, 2 simple, 5 branched. 

Colon Body generally yellowish in color, finely mottled in ir- 
regular spots with brown. A distinct brown spot at upper and lower bases 
of oaudal fin. Caudal and dorsal fins irregularly banded with brown spots. 
A dark band from eye to eye around end of snout. 

This fish was collected from the Kueik River and the Ouadi thneiser. 
Little is known of its life history. 



FB/T8 75.. 

Nemaohilus galilaeus (Qunther) 

Caudal fin slightly emarginate. The origin of the dorsal fin is 
somewhat nearer to the end of the snout than to the root of the caudal* 
The height of the body is considerably less than the length of the head, 
which is contained 5 times to 5 1/4 in the standard length* Snout is of 
moderate length, a little shorter than the post orbital portion of the head. 
Eye small , with a free circular eyelid , its diameter not being quite as 
wide as the interorbital space Length of the peotoral more than one-half 
of the distance of its base from the pelvio. Upper margin of the dorsal 
fin straight , oblique . Dorsal ray count 3 simple , 9 branched} anal rays 
2 simple y 6 branched. 

Colon Body generally yellowish, and finely mottled with brown, 
Four brown crossbars on the back before, and four brown crossbars on 
back behind the dorsal fin. 

This fish is reported from the Lake Tiberias and was taken from 
Muzerib Spring. Little is known of its life history, 

Reroaohilus insignis (Heokel) 

Caudal fin conspicuously emarginate. Origin of the dorsal fin 
midway between the end of the snout and the root of the caudal. The 
height of the body is considerably less than the length of the head, which 
is 1/5 of the standard length. The depth of the free portion of the tail 
is one-half of its length. Snout produced, rather pointed, its length 
being more than that of the post-orbital portion of the head. Eye of 
moderate size, its diameter being a little less than the width of the 
inter-orbital spaoe. Length of the peotoral fin rather more than 1/2 the 
distance of its root from the pelvic. Upper margin of the dorsal fin 
stralght 9 oblique. Dorsal rays 3 simple , 7 branched; anal rays 2 simple , 
5 branched. 

Colors Body generally yellowish, sides and bade mottled with dark 
brownish or black, belly plain. Usually one dark band across the dorsal fin, 

This fish has been taken in the Kueik, Abyad and Afrin Rivers, 
Little is known about its life history. 
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Figure 28, Hemachilua galilaeus 




straight border 



no black band 
on snout 




Figure 29- Kemachilus insignia 



snout longer than 
poatorbital length 
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Nemaohilue panthera (Heokel) 

Caudal fin slightly emarginate* Origin of the dorsal fin farther 
from the end of the snout than the root of the caudal. The height of the 
body is less than the length of the head, which is 2/9, or rather more than 
1/5 t of the standard length. Snout of moderate length, obtuse, somewhat 
shorter than the postorbital portion of the head. Eye small. Length of the 
peotoral fin more than 1/2 of the distance of its root from the pelvic* 
Upper margin of the dorsal fin convex* Dorsal rays 3 simple, 7 branched} 
anal rays 2 simple, 5 branched* 

Colon Body generally yellowish, with small densely crowded ir- 
regular black spots and dots (resembling the spotting of the panther, hence 
its name); sometimes a black vertical spot on the root of the caudal* 
Spots on all fins but the pelvios. 

This fish has been taken from the waters about Damascus and the 
spring of Mu&erib. Little is known of its life history* 

Nemaohiluo tigris (Heokel) 

Caudal fin slightly emarginate* Origin of the dorsal fin nearly 
midway between the end of the snout and the root of the caudal* The height 
of the body is somewhat less than the length of the head, which is 1/5 of 
the standard length* Snout of moderate length, obtuse, a little shorter 
than the postorbital distance of the head* Eye small* Length of the 
peotoral more than 1/2 of the distance of its base from the pelvic* Upper 
margin of the dorsal fin straight, nearly horizontal. Dorsal rayst 3 simple, 
8 branched; anal fins 2 simple, 7 branched. 

Colors Body generally yellowish with 15 or more narrow, irregular 
crossbars extending onto belly. Dorsal generally with a broad dark band, 
oaudal fin generally with 2 dark bands* Usually a black band across base 
of oaudal peduncle. 

This species has been taken from the waters about Damascus, from the 
Orontes, Nahr el Ris, Yabroud and the Jj&rrah Rivers* Little is known of 
its life history* 
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Figure 30. Hemaohilus panthers 



snout short er than post orbital 
length, no black band on snout 





Figure 31 Hemaohilus tigris 



more than 15 bars 
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FAMILY CTPEHflDAJB 

Body generally covered with cycloid scales, head naked} form 
varied, elongate and sub fusiform, more or less compressed, or sometimes 
thin and deep} pelvic abdominal} Weberian apparatus present} no adipose 
fin} branohiostegals always 3} margin of upper Jaw formed by premaxll- 
laries alone} jaws toothless} lower pharyngeal bones well developed, 
falciform, and nearly parallel with gill arches, eaoh armed with 1 to 3 
series of teeth, 3 to 7 in main row, and a lesser number in the others) 
stomaoh without appendages; air bladder typically present and with an 
open duct, commonly divided into two more or less distinct chambers* 

This family is represented by 14 genera in Syrian waters* 
Because of the difficulty in identifying the members of this family two 
different keys are provided For beginners especially the determination 
of the presence or absence of the keel may be difficult on small specimens* 
and also the removal of the pharyngeal teeth presents difficulties. Thus 
at the beginning it might be well to run the specimens through both keys 
until familiarity with the group is obtained* 

Key to the Genera of CYPRINIDAJJ 

la* Cheek below eye covered by silvery bone} 

lateral line parallel to ventral outline on 

caudal peduncle ............ ....... *** Bar il Jus 

1 b* Cheek not covered by silvery bone below eye} 

lateral line running along middle of caudal peduncle 
2 a* Ho keel between vent and pelvic fins 

3 a, A disk behind the lower jaw *** ...... *. Qarra 

3 b. No disk behind the lower jaw 

4 a* Dorsal fin with enlarged bony ray 
5 a. Lower Jaw with horny covering 
6 a* Dorsal fin with more than 12 

branched rays *..*** Qyprinion 

6 b Dorsal fin with less than 13 branched 

rays **., ..... ........ * * * * * ..... Varlcorhinus 
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5 b. Lower jaw without horny covering 

7 a. Dorsal fin with more than 15 branched rays * Qyprinus 
7 b* Dorsal fin with less than 12 branched rays . Barbus 
4 b* Dorsal fin without enlarged bony ray 

8 a* Anal fin with less than 6 branched rays ** Trlo/mathus 
8 b* Anal fin with more than 5 branched rays 
9 a. Mouth with horny Jaw covering *** Ohandrostoma 

9 b. Mouth without horny jaw covering 

10 a, More than 90 scales in lateral line ++ Aspjus 
10 b* Less than 80 soales in lateral line 

11 a* Ho sealed appendage at base of pelrics Phoxinellus 
11 b. Scaled appendage at base of pe Ivies 

12 a. Pharyngeal teeth in one row ***** Eutilus 
12 b. Pharyngeal teeth in two rows Leu^jlsoiiff 

2b A keel between vent and pelvic 
13 a. An enlarged bony ray in dorsal fin *** Aoanthobrama 

13 b. Ho enlarged bony ray in dorsal fin * Alburnus 

Second Key to the Oenera of OTPEIHIDA1 

la* A disk behind lower jaw * Qgurra 

1 b. Ho disk behind lower Jaw 

* 

2 a Dorsal fin with long base, 17-22 branched rays Oyprinus 
2 b* Dorsal fin with short base t less thsa 12 branched 

rays 

3 a. Pharyngeal % teeth in two rpws 
4 At More than 90 soales in lateral line ........ ... Aspius 

4 b. Less than 80 scales in lateral line 

5 a. Anal fin with more than 12 branched rays ..... Alburous 

5 b* Anal fin with less then 13 branched rays ..... Leuciecus 

3 b* Pharyngeal teeth in one or three rows 
6 a* Pharyngeal teeth in one row 
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7 a* Mouth inferior, loner jaw with horny layer Chondroeioma 
7 b* Mouth terminali lower Jaw without horny 

layer 
8 a. Dorsal fin with osseous spine .,. Aoanthobrama 

8 b. Dorsal fin without osseous spine 

9 a. More than 8 branched rays in anal fin Rutilua 

9 b. Less than 9 branched rays in anal fin Phoxinellus 

6 b. Pharyngeal teeth in three rows 

10 a* Dorsal fin with more than 12 branched rays **. Oyprinion 
10 b. Dorsal fin with less than 13 branched rays 
11 a. No enlarged bony ray in dorsal fin 
12 a* Cheek covered by silvery bone, 

no rostral flap Barilius 

12 b. Cheek not covered by silvery bone, 

rostral flap present Tylognathus 

11 b. Enlarged bony ray in dorsal ray 

13 a. No horny covering on lower jaw Bar bus 

13 b* Horny covering on lower jaw Varioorhinus 
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Genus Aoanthobrama Heokel 

Soales small} lateral line running nearly in the middle of the tall* 
Dorsal fin short , with the third ray enlarged , osseous and smooth, inserted 
behind the pel vies* Anal fin many rayed. Mouth anterior or subanterior* 
Barbels nonet Pharyngeal teeth 5-5 1 compressed. 

This genus is represented by 4 species in Syrian waters* 
Key to the Species of Aoanthobrama 

1 a. More than 90 scales in the lateral line ........... A, oentlsquama 

1 b* Less than 90 soales in the lateral line 

2 a. Anal soft rays more than 15 *** ................. A. marmld 

2 b* Anal soft rays less than 16 

3 a* Less than 70 soales in lateral line} less 
than 15 rows of soales between the lateral 
line and origin of the dorsal fin ......... .** A* lissneri 

3 b. More than 69 soales in lateral line) more 
than 14 rows of soales between the lateral 
line and origin of the dorsal ................. A. terrae-sanotae 

Aoanthobrama pen ti squama (Heokel) 

The height of the body is 2/7 the standard length* Snout slightly 
projecting beyond the mouth , which is oblique and extending backwards to 
below the nostrils* Dorsal spine* strong, long, and smooth, as high as the 
body* Dorsal fin with 3 simple and 8 branched rays* Peotoral fins reaching 
the pelvios. Anal fin with 22 rays* Soales without radiating striae* 
Lateral line slightly arohed* There are 10 longitudinal series of soales 
between the lateral line and the ventral fin* 

Oolort Uniformly whitish or silverish* 
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Figure 32. Aoanthobrama oenti squama 



more than 90 scales 




Figure 33* Aoanthobrama lisaneri 



less than 15 rows of scales 




11 branched raya 



less tha 
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Aoanthobrama lissneri Tor tone 80 

Body compressed, with the dorsal outline a little more arched than 
the ventral one; maximum height just at origin of dorsal fin. Snout 
acutely rounded . Mandible a little shorter than the upper jaw* Eye 
diameter 1/3 of the head, almost equal to height of the snout. Mouth 
oleft reaching below the nostrils. Pharyngeal teeth 5 - 5> smooth and 
hooked. Caudal peduncle as deep as the length of the postorbital part of 
the head. Lateral line regularly arched downwards , ending in the middle 
of the tail) 60 tubules. 10 series of scales between the origin of the 
dorsal fin and the lateral line, 5 between the latter and the base of the 
ventral fins* Dorsal rays 3 simple , 7 branched, the third simple ray like 
a feeble spine f shorter than the height of the body. The anterior border 
of the dorsal fin is as long as the distance from the nostrils to the 
posterior border of the opercle, and about equal to the length of the 
oaudal lobes. Anal fin originating behind the posterior end of the dorsal) 
Its rays 3 simple, 11 branched. Pectorals as long as the distance from the 
anterior border of the eye and the posterior border of the operole, not 
extending under the dorsal, nor to the pelvios. The pel vies are a trifle 
shorter f are inserted a little before the vertical from the origin of the 
dorsal fin and reach the origin of the anal. 

Color: Uniformly silverish, with a traoe of a grey band running 
along each side well above the lateral line. 

This species is found in Lake Tiberias. 

Aoanthobrama marmid Heokel 

The height of the body is nearly 1/3 of the standard length. Snout 
obtuse, bent downwards to the mouth, whioh is but slightly oblique, extending 
backwards to below the nostrils. Dorsal spine rather feeble, smooth. 
Lateral line slightly bent downwards* There are 6 rows of scales between 
the lateral line and the ventral fin. There are 65-70 scales in the lateral 
line. Dorsal fin rays 3 simple , 8 branched} anal rays 3 simple, 16 branched. 

Colort Generally silverish or whitish. 

This fish was taken from the Jarrah. and Ouadi Khneieer in the 
Khabour Drainage* 
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Fig-ore 34<- Acanthobrama marmid 




more than 15 soft rays 



Figure 35 Acanthobrama t errae-sanc t ae 



more than 14 rows of scales 




11-15 branched rays 



more than 



Aoanthobrama terrae-aanotae Steinits 

The body is elongated, compressed. Head Is contained in standard 
length 3*9 to 4*2) height f 4*2 to 4*4. Snout profile almost straight and 
flat. Main part of protuditxg mandible fits into the upper jaw which is 
narrowly curved from side to side. Chin prominent Maxillary hidden when 
mouth closed. 17 gill rakers on first arch. Fharyngeal teeth 5-5* 
Dorsal fin rays 3 simple, 7-9 branched; anal rays 3 simple , 11-15 branched. 
Lateral line soales 70-82) scales above lateral line 15-16) scales below 
lateral line 6-8. Third dorsal spine strongly ossified* Pelvic fins not 
reaching anus. Between pelvic fins and extending to anus a sharp ridge of 

f 

soales is present. Anal fin origin behind posterior end of dorsal* Caudal 
deeply forked, lower lobe the longest* 

Colors Generally silvery, upper half of body darker than lower , 
sometimes shining with steel blue* Ope role with dark spot near anterior 
border* Skin of operole flap generally yellowish tinted. A yellowish tinge 
also usually present at base of anal and pelvic fin, and on oentral oaudal 
rays. This oolor becomes much brighter during breeding season, may become 
yellow-orange 

This species is found in the Spring of Muaerib and in Lake Tiberias 
from which is was but recently described* Nothing is known of its life 
history* 

Genus Alburnus Heck el 

Body compressed, more or less elongate $ soales moderate) mouth 
medium, simple lips, no barbels, directed upwards, labial fold Interrupted 
at the symphysis of the mandible) Lower Jaw projecting beyond upper) upper 
jaw protractile. Suborbitals small* Cheeks naked* Pharyngeal teeth in two 
rows, hooked, generally 2,5 - 5,2* Lateral line complete, nearer belly than 
badk, median on oaudal peduncle* Belly rounded before and after pel vies, 
cutting in back of the latter. Dorsal fin short, without ossified rays, 
origin in baok of pelvios. Anal long, formed of 3 simple rays, 16 - 20 
branched rays. Gill rakers slender, lanceolate, closely set) pseudobranohiae 
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present* The attachment of the branchial membrane to the isthmus below 
posterior margin of orbit. Belly behind pel vice to anus compressed into 
an edge, not covered by scales* A scaled appendage at base of the pel vice. 

This genus is represented by six species in Syrian waters* 

Key to the Species of Alburnus 

1 a* Less than 70 scales in the lateral line 
2 a. Less than 61 scales in the lateral line 

3 a* Less than 17 anal rays ........................... A.* orontis 

3 b . Here than 16 anal rays . . ......... A* eaeruleus 

2 b. More than 60 scales in the lateral line 

4 a. Origin of anal behind vertical of last rays 

of dorsal ) anal rays less than 16 JU oapito 

4 b. Origin of anal in advance of vertical from 

last ray of dorsal} anal rays more than 15 A,* PaHidue 
1 b. More than 69 scales in the lateral line 

5 a. Pectoral fins terminating well before pelvlcs ..... sellal 
5 b. Pectoral fins almost reaching pelvics .......... Jl. mossulensis 

Alburnus oaoruleua He ok el 

Body rather elevated, its depth being 1/3 of the standard length, 
snout a little shorter than eye; cleft of mouth directed upwards, with 
Jaws nearly even in front. Lateral line 48-50 scales, 4 rows of scales 
between lateral line and pelvic fin. Anal fin origin before vertical 
from last ray of dorsal fin. Dorsal fin 2 simple, 9 branched; anal 
rays 18-19. 

Colon Body silvery white, back slightly darker, sides often 
minutely flecked with black. A dark mid-dorsal stripe. A grayish band 
along the side of the body. Vertical fins deep black toward their 
extremities. 

This species was taken in the Xueik, Khabour and tributaries 
and the Tigris river. Little is known of its life history. 



Figure 36. Alburnus caerul< 



leas than 61 scales 




more them 
16 rays 



Figure 37. Alhurnus oapito 



more than 60 
less than 70 scales 




less than 16 rays 
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Alburnus oapito Heofcel 



Body rather elongate, its depth being one-fifth the standard length) 
the length of the head is contained four times and one-third in the standard 
length* Snout rather shorter than the eye. Cleft of mouth directed upwards) 
the lover jaw projecting beyond the upper. Lateral line soales 65) 5 rows 
between lateral line and polvic fin* Dorsal fin rays 2 simple, 9 branched) 
anal fin rays 14. Origin of anal behind vertical from last dorsal ray* 
Peotoral terminating at some distance from origin of pelvic. 

Colors Bade dusky, with a darkish lateral band about 1/3 from top* 
Sides and belly below band silvery white* 

This species was also taken in the Kueik and Tigris Hirers and Lake 
Tiberias* Little is known of its life history* 

Alburnus mossulensis Heokel 

Body rather elongate, its depth being contained 4 3/4 times in 
standard length. Snout a little longer than the eye; oleft of mouth 
directed upwards; lower jaw projecting beyond the upper* Lateral line 
soales 73-78; 5 rows between lateral line and pelvic. Anterior anal rays 
behind vertical from last ray of dorsal* Pectorals nearly reaching the 
origin of the pelvics. Dorsal fin rays, 2 simple, 9 branched; anal rays, 15. 

Color: Generally silvery white, with a lead-colored band along 
lateral line and above it* 

This fish was taken from the Euphrates and Khabour Rivers* Nothing 
is known of its life history* 

Alburnus orontis Sauvage 

Height of body contained 4 1/2 times in the total length) length of 
head 5 1/3 in same dimension. Snout of same length as the eye, whose 
diameter is contained 3 1/2 times in the head length* Interorbital space 
almost as wide as eye diameter; mouth opening oblique; inferior jaw 
slightly exceeding the superior* Dorsal terminates even with the base of the 
anal, situated nearer the caudal peduncle than the anterior border of the 
orbit* Dorsal rays 2 simple, 9 branched; anal rays 13-15) anal less high 
than dorsal* Pectorals as long as head* Lateral line scales 52-60, 
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Figure 38. Alburnus moBsulensis 



mox> than 69 aoalee 




^^^l^^^'^r^^^^. 
+ *'* 



pectoral almost 
reaches pelvic 



Figure 39 Alburnus orontis 



less than 61 scales 




less than 17 rays 
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11 between dorsal and lateral line, 5 from lateral line to pelvic. 

Colors Back olivaceous, a dark lateral band about 1/3 below top 
of back* Sides and belly silvery white. 

This species is found in the Orontes, Abyad, Afrin, Kueik and 
Khebir Rivers. Little is known of its life history, except that it lives 
in schools and feeds upon plankton* It may attain a length of 150 mm* 

Alburnus pallidus Heokel 

Body rather elongate* its depth being contained 3 3/4 times in 
standard length. Cleft of mouth directed upwards, lower jaw soaroely 
projecting beyond upper. Lateral line scales 64$ with 4 rows of scales 
between lateral line and pelvio fin. Dorsal rays 2 simple, 9 branched) 
aaal rays 17 Origin of anal fin in advance of vertical from last dorsal 
ray. Pectorals extending nearly to the root of the pe Ivies* 

Color* Uniformly silvery white. 

This speoies was taken from the Euphrates and Kueik Rivers and 
from the Soutane, a tributary of the Tigris. Little is known of its 
life history* 

Alburnus oellal Heokel 

The length of the head is slightly shorter than the height of 
the body; it is contained 4 1/4 times in the standard length. The 
mouth is small and the inferior jaw ie hidden beneath the upper. The 
eye is large* its diameter measures 1/3 the length of the head, it is 
nearer the preoperole border than the tip of the snout. The inter- 
orbital distance equals the eye diameter. The origin of the dorsal is 
at the highest point of the dorsal line, it is equal distant from the 
tip of the snout to the origin of the caudal* The oaudal is deeply 
notched and is sloped at a sharp angle* The peotoral is rather long 
and wide, reaching the fourth row of scales in front of the pel vies. 
The pelvios are narrow and reach, when erect, the anal opening* The 
anal is wide but rather low in the back, ending an equal distance from 
the anus and root of the oaudal* Dorsal fin rays 2 simple* 8 branched f 
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Figure 40. Alburnua pallidua 



more than 60 - 
lees than 70 scales 




more than 15 rays 



Figure 41. Alburnus sellal 



more than 69 scales 




pectoral not nearly 
reaching pelvic 






anal rays 15; lateral line scales 73-80 , 5 rows between lateral line and 
pelvic* Scales on anterior part of trunk with minute black dpts at the base* 
Anal origin behind vertical from last ray of dorsal* 

Color t Back yellowish-gray to reddish brown, slate colored band 
along side above lateral line* The belly and sides silvery white. Cheeks 
are silvery, fins greenish silvery. 

This fish was taken in the Kueik River, and may attain a length of 
130 mm. 

Genus Aspius Agassis 

Body more or less compressed, elongate, covered with moderate scales. 
Lateral line complete. Mouth large, terminal, with simple lips, no barbels, 
lower labial fold Interrupted at the symphysis. Lower jaw more or less con- 
spicuously projecting beyond the upper. Cheeks naked. Pharyngeal teeth in 
two rows, generally 3, 5 - 5t 3f pointed and hooked. Gill rakers short 
and widely set. Dorsal short, without ossified rays, composed of 3 simple 
and 8 to 10 branched rays, and originating behind pel vies* Anal rather long, 
formed by 3 simple and 12-13 branched rays. Scaled appendage at base of 
pelvios. 

One species represents this genus in Syria. 

Aspius vorax Heckel 

Cleft of mouth wide, with the lower jaw much projecting beyond the 
upper. Eye small. The length of the head is 1/4 of the standard length. 
The origin of anal fin is immediately behind the dorsal. The hindmost sub- 
orbital is nearly as large as the preorbital, the intermediate bones being 
narrow. The dorsal fin with 3 simple, 8 branched rays; the anal rays 
3 simple, 13 branched. Lateral line scales 94-103, with 18 rows above the 
lateral line and 10 rows between lateral line and pelvic* 

Colors Generally uniformly silvery gray* 

This fish was taken from the Tigris and the Orontes Rivers* 
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Figure 42. Agpiua vorax 




Barbua Ouvier 

Body more or leas compressed, covered with small, moderate or 
large scales. Lateral line, if present , usually nearer belly than the 
baok, but always running along the middle of the oaudal peduncle* 
Mouth small or moderately large, more or less protractile, with more or 
less developed lips; barbels present or absent * Suborbitals not 
covering cheek. Dorsal fin with or without ossified ray f with 9 to 14 
rays f 6 to 11 of whioh are branched. Anal fin short with 7 to 10 rays* 
A soaly process usually present at base of ventral fin* Pharyngeal 
teeth in 3 series - 2 or 3 3 f 4 or 5 -- 5 * 4. 3f 3 or 2., mostly 
with hooked, spoon- shaped crowns, one or more of the anterior of the 
inner series often molariform or mammilliform* 

In Syrian waters there are 17 species representing this genus. 

Key to the Speoies of Barbua 

1 a* Pour barbels present 

2 a. Soales small or moderate, more than 39 in lateral 

line 
3 a. Dorsal spine serrate 

4 a* Soales in lateral line more than 69 

5 a. Soales in lateral line more than 78} large 

spots on body * B eubquinouniatus 

5 b. Soales in lateral line less than 79; no 

spots on body I), esocinus 

4 b* Soales in lateral line less than 70 

6 a* Soales in lateral line more than 57 
7 a. Soales above lateral line in less 

than 11 rows ....**.*... B. xanthopterug 

7 b, Soales above lateral line in more than 

11 rows 

8 a. Body mottled with black spots J3. laoerta 
8 b* Body not mottled *. B.rajanorum 
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6 b. Scales in lateral line leas than 5& 

9 a* Dorsal spine finely serrate) body mottled with 

dark .spots ............ ...... ....................... B. soinous 

9 b. Dorsal spine strongly serrate; body not 

mottled with dark spots 
10 a. Less than 31 scales in lateral line ...... . ..... . . peotoralis 

10 b. More than 50 scales in lateral line 

11 a. Short lobule at symphysis of lower lip ........ IJ. barbulus 

11 b. No lobule at symphysis of lower lip 

12 a. Snout obtuse, body compressed elevated ...... B. kersin 

12 b. Snout long, pointed; body rather 

elongated ......... . . . . .......... . ......... B . longiceps 

3 b. Dorsal spine smooth 

13 a* Less than 45 scales in lateral line ..... ..... . ..... B. grypus 

13 b* More than 44 scales in lateral line 

14 a. More than 54 scales in lateral line ....... ........ IJ. lorteti 

14 b. Less than 55 scales in lateral line ....... ........ JB. orontis 

2 b. Scales large, less than 40 in lateral line 

15 a. More than 29 scales in lateral line ...... .......... JB. oonis 

15 b. Less than 30 scales in lateral line ......... ...... J3. ohantrei 

1 b. Two or no barbels present 

16 a. One pair of barbels present ..... . ...... .. ..... . ...... JB. luteus 

16 b . No barbels present ...... ......... .......... ......... IJ . sharpeyi 

Barbus barbulus Heokel 

Third dorsal spine strong , serrated, of moderate length) the dorsal 
fin, if laid backwards, extends scarcely to the origin of the anal. Body 
rather elongate. Mouth inferior) lower lip very broad, with a very short 
lobule at the symphysis. Dorsal fin rays, 2 or 3 simple, 8 branched) anal 
fin rays 2 or 3 simple, 5 * 6 branched* Lateral line scales 52-54 j 
10 rows above lateral line, 7 rows between lateral line and pelvic. 

Colort Back and upper sides brownish, lower sides lighter yellowish, 
belly whitish. 

This fish was taken from the Euphrates River. It IB primarily a river 
fish, and feeds upon bottom organisms and detritus principally. 
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Figure 43 Barbus barbulue 




lobule 



less than 58 scales 



Figure 44* Barbus oanis 



smooth spine 



short barbel 




30-33 scales 



Barbua canis Guvier and Valenciennes 

Body compressed, moderately elongate, with the profile of the baok 
arched j ite depth equals the length of the head, and ia contained 3 1/3 
to 3 1/2 times in the standard length ) head rather large, ite depth equal 
to its Iength 9 without the snout* E&re rather small, nuoh shorter then the 
snout, even in young. Mouth anterior, the jaws being equal or subequal in 
length in half-grown specimens, and the lower jaw slightly projecting 
beyond the upper in old ones* Lips thin, the transverse fold of the lower 
interrupted in the middle} barbels small. Origin of dorsal fin opposite 
that of the pelvios, and nearer the root of the oaudal than the end of the 
snout* Osseous dorsal ray rather feeble, smooth, its stiff portion being 
one-third to one-half as long as head. Dorsal fin rays 2 or 3, 8 or 9 
branched) anal rays 2 or 3 simple, 5 or 6 branched. Lateral line eoales 
32-33) 4 rows above lateral line and 4 rows below* 

Color t Baok and upper sides dark olive brown, belly lighter 
yellowish to silvery white* Trace of dark lateral band, especially on 
the oaudal peduncle* 

This fish was taken from Lake Tiberias, the Orontes, Afrin, Tarmuk 
Rivers and Mueerib Springs* One specimen was a near ripe individual and 
the eggs were counted to the number of 5t431 This specimen was about 
25 centimeters in length* Its life history is not known* 

Barbus chant re i Sauvage 

Body elongated, the height contained 42/3 in the total length) 
length of head 5 2/3 in the same dimension* Pour barbels, the superior 
short, the inferior but little m?re than half the length of the eye* 
Mouth terminal) snout thick, obtuse, 1 2/3 times as long as the eye, 
whose diameter is contained 6 times in the length of the head) the 
interorbital space convex, 2 2/3 times as wide as the diameter of the 
eye) forehead sloping* Dorsal inserted a little nearer the extremity 
of the snout than the base of the oaudal) third ray feeble) fin 
eoaroely truncated, 1 1/2 times as long as high* Caudal moderately 
notched, contained 5 1/2 times in length of body* Anal higher than 



Figure 45 Barbus chantrei 



leas than 30 scales 




Figure 46. Barbus esooinua 



body not spotted 




more than 69 - 
less than 79 scales 
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the dorsal, less than 2 times as high as long. Pectoral longer than 
pelvios. Dorsal rays 2 simple, 13 branched} anal rays, 10; Lateral 
line scales, 25* 

Colon Body olive brownish on back, lower sides lighter yellowish 
to whitish. Darker on head, and extremities of pectorals, pelvios and 
anal brownish. 

Nothing is known of its life history. 

This fish was taken from the Khabour River. 

Barbus esocinus (Heckel) 

Body rather compressed. Snout produced, subconioal, with the jaws 
nearly equal in length, the mouth being anterior} lips but little fleshy. 
Eyes very small. Anal fin twice as high as broad. Dorsal fin with third 
spine strong and serrated. Caudal fin deeply forked. Lateral line scales 
76 - 73} 12 rows of scales between lateral line and base of pelvic. 
Dorsal fin rays, 8 branched rays} anal fin, 5 branched rays. 

Colors Generally olivaceous on the back with numerous scattered 
black dots. Sides and belly lighter. 

This fish is reported from the Tigris River and from the Euphrates. 
It is reportedly a predator and reaches a length of 50 centimeters. It 
lays its eggs in between big stones in the deep parts of the river. It 
spawns in March or April. 

Barbus grypus Heckel 

Body rather elongate, sub-cylindrical. Snout not produced, with 
the mouth inferior, and with the lips thick, the lower with a continuous 
transverse fold. Eye rather small. Lateral line scales 40. 
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Figure 47. Barbua grypus 



smooth spine 




less than 45 scales 



Figure 48, Barbus kersin 



snout obtuse 




less than 58 scales 



Dorsal fin with three simple rays, the third ray osseous and robust but 
not serrated) and 8 branched rays. Anal fin twice as high *s broad, 
with 8 rays. * 

Colors Dark olive brown on back with lower sides and belly 
lighter with silvery reflections. An indistinct lateral band is usually 
present. Some individual scales darker giving a slightly mottled 
appearance, especially in young. 

This fish was taken in the Euphrates and Tigris Rivers and Lake 
Xhatuniyeh. It is reported to have reached lengths of nearly 2 meters, 
and a weight of 100 kilograms. It spawns in May or June on gravel beds. 
It is primarily a vegetation eater* 

Barbus kersin Heokel 

Body rather compressed and elevated} snout obtuse) mouth sub- 
inferior, lips moderately thick, the transverse fold of the lower Jaw 
interrupted in the middle. Eyes of moderate size. Dorsal fin with three 
simple rays, the third very strong, osseous, and coarsely serrated, and 
with 8 branched rays. Anal fin with 3 simple rays and 5 branched rays, 
and is twice as high as long. Caudal fin deeply forked. Lateral line 
scales 55 to 36. There are seven rows of scales between the lateral line 
and the pelvic fin and 10 rows between the line and the dorsal fin. 

Colon Generally light olivaceous above, belly and lower sides 
lighter. 

This fish was taken from the Lake at Horns and from the Euphrates 
river and Lake Tiberias. It is an omnivorous feeder. It breeds in the 

early spring on gravel beds. 
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Barbus laoerta Heokel 

The height of the body ia contained 3 3/4 to 4 1/3 times in the 
length of the body without the oaudal, the length of the head 3 2/3 to 
4 times* The snout is long, the lips developed* The diameter of the eye 
is contained 2 to 2 1/4 times in the length of the snout, 1 2/3 to 1 3/4 
times in the interorbital space, 5 to 5 1/2 times in the head length* 
There are two barbels on eaoh side, the anterior equal or a little longer 
than the eye diameter, the posterior measures 1 1/5 to 1 1/3 of the latter. 
The pharyngeal teeth number 2> 3, 5-5, 3, 2. There are 56-62 scales in 
the lateral line, 7 or 8 rows between the lateral line and the pelvio fin, 
and 10 rows above the lateral line to the dorsal fin, and 22 scales around 
the oaudal peduncle* The dorsal fin arises an equal distance from the tip 
of the snout to the origin of the oaudal, or a little nearer the oaudal, 
has a straight dorsal border, its third or sometimes its fourth simple ray 
is ossified, medium strong, with fine serrations on the posterior border* 
The longest ray of the dorsal fin Is about 2/3 the head length* There are 
8 branched rays in the dorsal* The anal, a little moro than 2 times as 
high as wide, reaches almost to the caudal* The pectoral is slightly 
pointed, and is 3/4 to 4/5 the head length. The pelvic arises barely 
behind the origin of the dorsal* The caudal peduncle is 1 1/2 to 1 2/3 *S 
long as high. The caudal fin is moderately forked, the lobes pointed, and 
much shorter than the head length* The anal fin has 3 simple rays and 5 
branched rays. 

Colors Body generally olive brown on the back, silver! ah white 
and yellowish on the sides and belly* There are brown, irregular spots 
on the back, dorsal and caudal* 

This fish was taken from the Euphrates River* Nothing is known 
of its life history* 
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figure 49. Barbut lac art a 



body spotted 




less than 70 scales 



figure 50. Barbue longioepa 



en out long, pointed 




Barbus lon^ioeps Ouvier and Valenciennes 

Body rather elongate , snout very long and pointed) lips thick with 
fold interrupted in the middle of lower Jaw* Length of head oontained 3 to 
4 times in standard length* Byes small. Dorsal fin with 3 simple and 8 
branched rays, the third simple ray being ossified and strong and conspicu- 
ously serrate. Anal fin narrow and deep, with 3 simple and 6 branched rays* 
Lateral line scales 54 -56, and 24 around caudal peduncle. Caudal fin deeply 
notched* 

Colors Body light brownish with silvery reflections, back slightly 
tericer* 

This fish is taken in the Lakes Tiberias and Khatunlyeh* 

Nothing is known of its life history* 

Barbus lorteti Sauvage 

Body elongate , the height being oontained 4 1/2 in the total length} 
length of head 5 2/3 in the same dimension* Four barbels of the same length, 
a little longer than the diameter of the eye* Snout obtuse, 2 1/3 times as 
long as the eye, whose diameter is oontained 6 1/2 times in the length of the 
head. The interorbital space 3 times as wide as the diameter of the orbit* 
Dorsal Insertion equal distance from oaudal and tip of the snout} third ray 
feeble, not serrate} three simple rays, 8 branched rays} dorsal nearly as 
high as long* Anal fin with 3 simple and 5 branched rays, nearly twice as 

high as long* Pelvios inserted under middle of the dorsal* Peotorals longer 



than the pelvios, separated from the pe Ivies by a space less than their length* 
Lateral line scales 60, with 12 rows between lateral line and dorsal fin, and 
9 rows between lateral line and pelvic. 

Colon Generally light brownish, with sides and belly slightly 
lighter in color. 

This fish was reported from the Orontes River. 
Nothing is known of its life history* 
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Figure 51 Barbus lorteti 
smooth spine 




more than 54 scales 



Figure 52. Barbus luteus 



smooth spine 




2 barbels 
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Barbua luteus Heokel 

The height of the body Is a little leas than 1/3 the standard 
length} the length of the head about 2/9 of the standard length* The 
snout is obtuse , longer than the eye, which is small, about 1/6 of the head 
length* Mouth small, not extending backwards to the vertical from the front 
margin of the eye. Dorsal fin origin opposite to origin of polvio, midway 
between snout tip and root of the caudal. Dorsal fin with 3 simple rays and 
11 branched rays, the third ray of moderate length and strength and not 
serrate* Lateral line scales 28-30, with 5 rows between lateral line and 
dorsal fin and 4 rows between lateral line and pelvic. Anal fin with 3 
simple rays and 6 branched rays* 

Colors Body brownish with dark midstrips on back and dark lateral 
band* Belly silvery* Dark spot at base of caudal. 

This fish was taken from the Orontes River, Lake Khatuniyeh, the 
Euphrates and Khabour Rivers* 

This fish spawns in May or June* It is an herbivorous fish. 

Barbua orontis Sauvage 

Height of the body contained 4 3/4 times in the standard length, 
equal to the head length* Head a little elevated to the level of the dorsal , 
forehead a little declined* Four barbels, wide and thick, of the same length, 
twice as long as the diameter of the eye; mouth a little inferior, lips thick) 
snout compressed, about three times as long as the eye* Eye contained 7 1/2 
times in the head length. Intercrbital space nearly flat, 3 times as wide as 
eye diameter* Dorsal fin insertion nearer the caudal peduncle than the tip 
of the snout) third. ray feeble, not serrate) fin as long as high) three 
simple rays, 8 branched rays. Anal fin higher than dorsal, three simple 
rays, 6 branched rays* Caudal fin strongly notched, contained 6 times in 
the standard length* Pelvic insertion under the origin of the dorsal. 
Peotoral longer than the pelvics, separated by a space almost equal to 
their length from the pelvios. Lateral line scales 50, 10 rows between 
dorsal and lateral line, 10 rows between lateral line and pelvios* 

Colors Generally light brownish, with darker on head and back. 

This fish is reported from the Orontes River. Nothing is known of 
its life history. 



108 



Figure 53. . Bar bus orontis 



smooth spine 




less than 55 scales 



Figure 54. Barbus peotoralls 




less than 51 scales 



Barbus peotoralis Heokel 

Body oblong, rather compressed . Height of body contained 3 2/3 times 
In the standard length) head length contained about 4 times* The snout is 
rounded, its length equal to the interorbltal apace. The diameter of the eye 
is contained 4 times in the head length, 1-& times in the interorbital space* 
The mouth is sub-inferior, the lips thin f the lower lip fully separated 
underneath. There are two barbels on eaoh side, the anterior a little short- 
er, the posterior equalling the eye diameter. There are 44-50 scales in 
the lateral line, 7 rows between the lateral line and the pelvic fin* The 
soales on the belly are small in front* The dorsal fin possesses 3 simple 
rayo and 8 branched rays. The third simple ray is about 3/5 *ke head length, 
and is strongly toothed behind. The origin of the dorsal fin is equal 
distant between the snout and the oaudal origin* The anal fin has three simple 
rays and 6 branched rays, and does not reaoh the oaudal* The pectoral fin 
has 2/3 to 3/4 the length of the head and does not reaoh the pelvic* The 
pelvic origin is under the origin of the dorsal and does not reaoh the anal* 
The caudal peduncle is 1 -J times to 1 1/3 times as long as high. The oaudal 
is forked* 

Color: Generally olivaceous on the back, sides silverish and the 

belly whitish. Scale borders outlined with small dark dots. 

This fish was taken from the Cronies River and its tributaries* 

Nothing is known of its life history. 
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Barbus rajanorum Heokel 

Body slender, its height is contained four times in the standard 
length, the length of the head 4 jf times* The snout is moderately pro- 
duced, rounded, and equals the interorbital space. The eye diameter is 
contained six times in the head length, 2 & times in the interorbital 
space. The mouth is inferior, the lips thick, the inferior fully 
interrupted beneath. There are two pairs of barbels, they are equal in 
length, and nearly equal to the eye diameter. The lateral line count is 
from 57 to 65* There are 12 rows of scales between the lateral line and 
the dorsal fin and 7 rows between the lateral line and the pelvic, and 
24 scales around the caudal peduncle. The dorsal fin is a little less 
^ijh than long, possessing three simple rays and 8 branched rays. The 
third ulmple ray is very strong and very finely serrate behind, and is 
less than 2/3 the head length. The anal fin has throe simple rays and 6 
branched rays, and reaches nearly to the caudal. The pectoral fin is 
slightly rounded, about 4/5 the head length, and does not reach the pelvic. 
The pelvic begins under the second branched ray of the dorsal and does not 
reach the anus* The caudal fin is forked. The caudal peduncle is 1 1/3 
times as long as high. 

Colon The general color is silvery grey, the belly whitish. 

This fish was reported from the Aleppo region. Nothing is known 
of its life history. 

Barbus soinoua Heckel 

Body elongate, sub cylindrical; snout moderately produced, with the 
upper profile convey. The mouth JLs inferior, lips thick. The head length 
is 2/9 the standard length. The dorsal fin is composed of three simple 
rays, and 8 branched rays, the third ray being rather feeble, and finely 
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Figure 55- Barbua rajanorum 



body not spptted 




more than 57 - 
less than TO scales 



Figure 56 Barbue soincua 



finely serrate 
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serrated. The anal fin is 2/3 as broad as high, and composed of throe simple 
rays and 5 branched rays. The caudal fin is moderately notched* The lateral 
line scale count is 55~56> with 7 scale rows between the lateral line and the 
base of the pelvic, and 10 rows between the dorsal fin and the lateral line* 

Colon Generally light brownish with body covered with dark clouded 
spots, 

This fiah was reported from the River Kueik near Aleppo. Nothing is 
known of its life history. 

Barbus eharpeyi Ounthor 

The height of the body ie rather more than one-fourth the standard 
length, the length of the head 2/9* The snout io rather short and obtuse. 
Th^re aro no barbels* The dorsal fin contains three simple rays and 8 
branched rays, the third simple ray is rather strong, and not serrated behind, 
and nearly as long as the head without the snout. The latoral line scales 
are 30-31, and there are 2 or 3 rows of ooales between the latoral line and 
the pelvic, and 4 rows between the lateral line and the dorsal fin* Pelvic 
fin origin directly opposite origin of doroal. Caudal fin deoply forkod* 
Color* Generally light brownish, with aides and belly lighter. 
This fish is found in the Euphrates River* It is a vegetable feeder 
and prefers the quieter water, especially marshy areas. It deposits its eggs 
on the vegetation in about 0.75 meters depth. It opawns in May. 

Barbua qubquinouniatuD Gunther 

Body elongate, the height equal to the length of the head, which is 
contained 5 1/3 times in the standard length* Four barbels, thick and the 
same length; lips thick, the inferior hanging* Snout elongate, 3 1/2 times 
as long as the eyo, which is situated in the middle of the length of the head) 
interorbital space three times as wide as diameter of the eye. Dorsal inser- 
tion a little nearer the caudal peduncle than the tip of the snout* Dorsal 
fin composed of three simple rayo and 8 branched rayo, the third ray being 
very strong and finely serrate posteriorly* Anal fin same height as the 
dorsal, and twice as high as long, composed of three simple raya and 5 



Figure 57 Barbua aharpeyi 
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branched rays. Pelvic Insertion a little in front of the middle of th 
length of the dorsal. Pectorals a little longer than the vent rale. 
Lateral line scale count 84 

Colon Generally brownish yellow, with numerous irregular black 
spots disposed quincunxj these spots similarly on all the fins. Head of a 
unifrom brown color. 

This fish was taken in the Euphrates River. 

Nothing io known of its life history, 

Barbua xanthopterus (Heckel) 

Body elongate, compressed, elevated at the level of the dorsal; 
height contained 4 2/3 in total length, head 4 3/4 times. Pour barbels, 
thick, the superiors a little shorter than the inferiors. Lips thick, 
divided and presenting two lobules median. Snout 3 1/2 times as long as 
the eye, whose diameter is contained a little more than 8 times in the 
length of the head; interorbital spaces 3 times as wide as the diameter of 
the eye. Dorsal insertion nearer the caudal peduncle than the tip of the 
snout. Dorsal fin composed of three simple rays and 8 branched rays, the 
third simple ray very strong, having strong teeth, and almost 2/3 cf the 
height of the body at the corresponding point. Anal fin of same height as 
the dorsal, 1 -J- times as high as long, and composed of three simple rays 
and 5 branched rays. Pelvic insertion under the origin of the dorsal. 
Pectorals a little longer than the pelvics. Caudal fin notched. Lateral 
line count 58. 

Color: Generally brownish, with sides and belly lighter. 
This fish is reported from the Euphrates. It feeds mainly on plants 
and plankton. It spawns on fine gravel beds, and digs a small nest in the 
gravel, depositing the eggs in this nest. The water is usually from 1/3 to 
1 meter in depth. Spawning is usually in May. 

Genus Bariliua Ham. Buchanan 

Scales small, or moderate. Lateral line running along lower part 
of tail. Abdomen not compressed into an edge. Dorsal fin short, with less 
than 9 branched rays, inserted distinctly behind the root of the pelvios. 
Anal fin elongate, 10 or more rays. Mouth anterior. Barbels four, two or 
none. Maxillary reaches to or below, but not behind orbit. Suborbitals 
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generally broad, the third never narrower than the soft portion of the oheek f 
and partly situated below the orbit. Oill rakers very short; pseudobranohiat 
present. Pharyngeal teeth 1, 3 or 4 f 5~5i 3-4> 2-lf unoinate. 
This genus is represented by one species in Syria. 

Bariliu.B me spy) t ami pus Berg 

Body elongate; mouth terminal, snout end oorreoponds with lower edge 
of pupil; maxillary scarcely reaches to vertical line through center of eyef 
twp thin maxillary barbels, approximately equal to eye diameter; lateral line 
complete or nearly so, following closely the ventral outline even on the caudal 
peduncle; ono row of scales between lateral line and pelvicf lateral line 
scales 46-5; pharyngeal teeth in three rows 1, 4, 5-5* 4> 1| gill rakers 8 
on first arch, short; dorsal fin origin before origin of anal and behind 
inner innertion of pelvic; pectoral fin reaches pelvios; pelvic fin reaches 
anus; dorsal fin rays II, 8; anal fin II, 13; eye large, 1/3 head length and 
equal to interorbital widtht 

Colon body silvery with upper 1/8 slightly darker; back with daric 
median Btripe; upper side with 8 or 9 round dark spots. 

This fish was taken from the Euphrates River. Nothing is known 
of its life history* 

Genus Chondrostoma Agassis 

Body more or less compressed, covered with medium scales. Mouth 
inferior, without barbels, a transverse slit and curved; lips hard and sharp, 
covered with a corneous layer. Suborbitals small. Cheeks naked. Pharyn- 

geal teeth in one row, 5 to 7-7 to 5, pointed, fiat and obliquely crowned. 

i 

Lateral line complete, closer to belly than the back, but medial on the caudal 
peduncle. Dorsal fin short without ossified ray, composed of 3 simple raya 
and 8-10 branched. Origin is above the pelvics. Anal fin rather elongate, 
with 3 simple and 8-12 branched rays. A scaled appendage at base of the 
pelvic. Peritoneum black. 

One species represents this genus in Syria. 
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Figure 60. Barilius mesopotamicuf* 
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Chondrpatoma regius Heokel 

The height of the body is contained 4 to 4 3/4 times in the standard 
length, the length of the head 4 % to 4 4/5- The diameter of the eye is 
contained 4 to 5 times in the head length, 1 1/4 to 1 1/3 in the snout 
length, and 1 1/3 to 1 ^ times in the interorbital space. The snout is 
stout, rounded, and overhangs greatly the mouth. The mouth is transverae, 
a little curved, and extends nearly from one side of the head to the other. 
The lips are thick. The pharyngeal teeth usually 7~7> sometimes 7-6 or 
6-6. The lateral line scale count is 64-68 scales, with 5 rcws between 
the lateral line and the pelvic, and 20-22 around the caudal peduncle. 
The dorsal origin is equal distant from the tip of the snout to the origin 
of the caudal or a little nearer the latter| its superior border is straight! 
its rays are composed of three simple rays and 9 branched rays. The longest 
rays of the dorsal are 3/4 to 5/6 the height of the head. The anal fin is 
composed of three simple rays and 10-11 branched rays, its anterior rays 
nearly as long as the dorsal fin. The pectoral fin is rounded and nearly 
reaches the pelvics, and are about 2/3 to 4/5 the length of the head. The 
pelvic fin arises under the origin of the dorsal or a little farther forward. 
The caudal peduncle is 1 3/5 to 2 times as long as high. The caudal is 
forked and the lobes pointed. 

Colon Olive brown on the back with bluish reflections, silver 
white on the sides and belly. The dorsal and caudal fins are greyish, the 
other fins clear. 

This fish was taken from the Orontes, Queiq, Euphrates and the Khabou* 
Rivers. It attains a length up to about 40 centimeters and weight up to 
one kilogram. It is an omnivorouq feeder, feeding on eggs and fry of other 
fish as well as on insect larvae and other foods. It spawns in the spring, 
probably in May or June. 

Genus Cyprinlcn He eke 1 

Body moderately elongate, somewhat compressed. Snout thick, rather 
prominent. Mouth inferior, lower jaw with a sharp, horny edg-8, without lip. 
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Figure 61 Chondrostoma regius 
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Scales of moderate size, lateral line running along middle of caudal peduncle. 
Dorsal fin with a strong, serrated osseous ray, and numerous branched rays. 
Anal fin short. Two barbels. Phaiyngeal teeth 2, 3 f 4-4 f 3, 2, compressed* 

Key to Species of Oyprlnion 

1 a. Origin of dorsal fin above origin of pelviosj 

mouth small, with large lateral lobes ,J3. kals 

1 b. Origin of dorsal fin in front of origin of 

pelvic fins; mouth large, no lateral lobes JS. macro stomus 

Cyprinion kais Hedkel 

The height of the body is one-third or somewhat less than one-third 
of the standard length. The origin of the dorsal is above that of the 
pelvlos. The dorsal fin oonnista of 4 simple rays and 13 or 14 branched 
rays. The osseous dorsal ray is of moderate length and strength. The anal 
fin is composed of 8 or 9 rays. The lateral line contains 42 scales. 

Colon Uhiformly silverish. 

This fish is reported from the Tigris, Euphrates and Khabour Rivers, 
and from the region of Aleppo. Nothing is known of its life history. 

Cyprinion maorostorous (Hedcel) 

The height of the body is one-third to 2/7 of the standard length. 
The origin of the dorsal fin is somewhat in advance of the insertion of the 
pelvic. The dorsal fin contains four simple rays and 14 branched rays, 
with the osseous dorsal ray of moderate length and strength. The anal fin 
contains 9 rays. The lateral llnfc contains 42 scales. The mouth is large, 
straight across and inferior, with no lateral lobes. 

Colon Uhifonnly whitish. 

This fioh was taken from the Tigris, Euphrates, and Khabour Rivers. 
Nothing is known of its life history. 

Genus Cyprlnus Linnaeus 
Body robust, compressed; mouth moderate, anterior, and with four 
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Figure 62* Cyprinion kais 
origin above pelvios 
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barbels; snout blunt, rounded. Pharyngeal teeth molar, broad, truncate, 
1, 1, 3-3, lj 1, Scales large, Lateral line complete. Dorsal fin long, 
with stout spine, toothed behind. Anal fin short and with spine. 
This genus is represented by one species. 

Qyprinuj3 carpio Linnaeus 

Body robust, compressed, back considerably elevated; head conical, 
tapering rapidly from above to the tip of the pointed snout. Nose bluntly 
pointed. Mouth rather small, anterior, oblique, the maxillary not reach- 
ing past anterior nostril. Two pairs of maxillary barbels. Pharyngeal 
teeth broad and truncate with molar surface; in three rows, 1, 1, 3-3> If 
1 . Intootine longer than body. Peritoneum grey, often speckled. Dorsal 
and anal fins with strong spine, toothed behind. Dorsal fin with three 
or four simple rays and 17-22 soft rays; anal fin with 2 or 3 simple rays 
and 5 branched rays. Scales are large, 35-38 in lateral line, and 5 or 6 
rows above lateral line and 5 ox 6 rows between lateral line and pelvic 
fin. 

Color: Olivaceous, with upper parts bluiah to dusky; lower parts 
of sides and bolly more or leso yellowish. 

This fiah is found in Lake Tiberias and in isolated p6nds in the 
vicinity of Damascus. It ia expected that it will soon be propagated in 
artificial ponds in the el Ohab area. 

This fish is found in Lake Tiborlao and in isolated ponds in the 
vicinity of Damascus. It is expected that it will soon be propagated in 
artificial ponds in the el Ghab area* 

There are three kinds of carp* fully scaled, partially scaled and 
scaleleaa. A number of variatiefe based on growth form are also to be found, 
but they are basically the carp. 

Carp prefer moderately warm water, not too deep, and with plenty of 
aquatic vegetation. It will live, however, in almost any situation, 
thriving in waters of high turbidity and contamination, as well as in clear 
water. TJhder favorable conditions, carp may attain a length of nearly one 



Figure 64. Cyprinua oarpio 
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meter and a weight of 40 kilograms. It spawns in the spring when the water 
temperature reaches 20 C. The eggs are scattered near the shore where the 
adhesive eggs stlok to the vegetation and roots of the aquatic plants and 
debris . The eggs are quite small, about 1 to 1 millimeter in diameter, a 
two kilogram female may lay as many as 500,000 eggs* 

Carp are omnivorous feeders, taking principally insect larvae and nymphs, 
crustaceans, small roolluake, other small aquatic plants and animals, and 
vegetable matter and debris* It often roots up vegetation while feeding* 

Genus Qarra Ham. Buchanan 

Scales of moderate size. Dorsal fin without osseous rays, with not more 
than nine branched rays, commencing somewhat in advance of the pelvis. Snout 
obtusely rounded, more or less depressed, projecting beyond the mouth, more 
or less tubercular* Mouth inferior, transverse, ore a cent- shaped; lips 
broad, continuous, with an inner sharp edge of the jaws covered with horny 
substance on the lower jaw; upper lip more or less distinctly fringed) lower 
lip modified into a suctorial disk, with free anterior and posterior margins. 
Barbels two or four} if two, the upper are absent. Anal scales not enlarged} 
lateral line running along the middle of the side of the tall. Anal fin short. 
Pectoral fins horizontal, Pharyn&eal teeth 2, 4, 5-5, 4, 2. 

There are three species of this genus represented in Syria, 

Key to the Species of Qarra 

1 a. One pair of barbels.... .0. variabilia 

1 b Two pairs of barbels 

2 a. Less than 12 gill rakers on lower arch. .... JJ* lamta 

2 b. More than 11 gill rakers on lower arch ..Of. rufus 

Qarra lamta (Buchanan) 

Body somewhat elongate, snout obtusely rounded. Mouth Inferior with 
lower lip modified into a suctorial disk. Disk very slightly fringed if at 
all. Four barbels present, anterior barbels about equal to eye diameter. 
Dorsal fin with 2 simple rays and 9 branched rays. Dorsal fin origin over 
Insertion of pelvic or but slightly behind. Anal fin with 7 rays. Pectoral 
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Figure 65 Qarra lamta 
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fin about as long as head or slightly less. Lateral line scales 33-36* 
Oill rakers 7-10. 

Colors Dark olive-brown to blackish, belly lighter* Blade spot 
behind middle of upper end of gill opening. Sometimes a daric lateral band 
terminating in a spot at bane of oaudal fin* 

Nothing is known of its life history. 

Qarra rufus (Heokel) 

Body elongate, snout bluntly obtuse, mouth inferior, lower lip 
modified into suctorial disk which is rather large, reaching behind the 
posterior border of the eye, and is fringed. Dorsal fin with 2 simple 
and 8 branched rays.. Origin of dorsal fin well in front of insertion of 
the pel vies. Lateral line scales 34-36 0111 rakers on lower gill arch 
12-15 Four barbels, shorter than eye. 

Color: Body generally brownish olive to blackish, belly lighter. 
Sides mottled with blackish* Pectoral and pelvic and anal fins in breed- 
ing males orange red. Blade spot behind gill opening, may be greenish 
blue in life. Caudal orangish in breeding specimens. Tail tipped with 
black. Black spot at base of caudal. 

This fish was taken in the Orontes drainage and from the Afrin 
River, Muzerib, the Euphrates, Khabour Rivers, and the Khebir and 
Snouber Rivers of the Mediterranean drainage. 

Nothing is known of its life history. 

Qarra variabllls (Heokel) 

Body elongate, snout bluntly obtuse. Mouth inferior, lower 
lip modified into small suctorial disk, slightly if at all fringed, 
and scarcely reaching anterior border of eye. Two barbels present at angle 
of mouthy mailer than eye diameter. Dorsal fin with 2 simple and 7 
branched rays. Origin of dorsal In front of insertion of pe Ivies. Anal 
fin witfe 7 rays* Pectoral fins shorter than head terminating at least 
length of it from insertion of pel vies. Lateral line scales 34-40. 

Colon Body mottled daric olivaceous brown, belly lighter. 



J 27 



Figure 67 Qarra variabilia 
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A tendency toward a dazk lateral band, especially In young, and on oaudal 
peduncle, A black spot at base of oaudal , 

This fish was taken frori the Oronte'a drainage, the Queiq, and Tigris 
Rivers* 

Genus Leuoisous Klein 

Body more or less compressed, covered irith large or medium scales* 
Mouth medium to large , without enlarged lips, lower jaw not trenchant, no 
barbel i, Dorsal fin short, without ossified rays, composed of 2 or 3 
simple rays and 7 to 9 branched rays, with insertion opposite, rarely behind, 
insertion of pelrios. Anal fin short, with 9 to 13 rays. Pseudobranchiae 
present* Pharyngeal teeth in two rows, 2, 5-5, 2, long and hooked. Xnteetl- 
nal tract short, with only few convolutions* A scaled appendage at base of 
pelvic fin, 

Three species of this genus are likely to be found in Syria, 

Key to the Species of Leucisous 

1 a. Scales in the lateral line less 

than 47 ............ ............. . oephalus orientalis 

1 b. Scales in lateral line more than 46 
2 a. Origin of dorsal opposite innermost 

of pelviof origin of anal in back of last 
dorsal ray) 7 rows of scales above 
lateral line..* ................ .L. lepidue 

2 b. Origin of dorsal in back of innermost 
root 'of pel vie | origin of anal below 
last dorsal raj) 10 rows of scales 
above lateral line..... ..... , ,,.L. spurius 

Leuoisous oephalus orientalis Eeokel 

Body somewhat compressed, the height a little less than four times 
in the standard length. The width of the interorbital space is about 2/5 the 
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Tigur* 68. Luoiou otphalua oriental!* 



! than 47 oals 




head length* Eye rather small. Cleft of mouth slightly oblique, of 
moderate width, not extending below the front margin of the fcye. Jaws 
nearly equal in front* Origin of dorsal fin opposite to the root of the 
inner pelvic rays* Dorsal fin with 3 simple and 8 branched rays* Length 
of pelvic fin more than half head length* Anal fin with 3 simple rays 
and 7 branched rays. Lateral line scales 40*41* 

Colon Body generally silvery in color, with back somewhat 
darkened* Scales with base darker. 

This fish was taken from the Orontes, Euphrates, Khabour and Tigris 
drainages. It may attain a length up to 60 centimeters and a weight of 6 
kilograms* It feeds on aquatic insects and their larvae, other small 
aquatic animals* It spawns in late spring* A female from 20 to 40 
centimeters in length will lay from 20 to 50,000 eggs* The males during 
spawning season usually develop horny tubercles on the snout. 

Leucisous lepidus (Heckel) 

Body somewhat compressed, the height contained 4 times in the 
standard length. Interorbital space broad, its width being two-fifths 
of the head length* The eye is rather small. The oleft of the mouth is 
oblique, of moderate width, the lower jaw slightly projecting beyond the 
upper. Origin of dorsal fin opposite to the insertion of the pelvic inner 
rays. Dorsal fin with 3 simple rays and 8 branched rays, anal fin with 
3 simple and 9 or 10 branched rays. The lateral line count is 48 or 49 * 

Colon Generally silvery, with back slightly darker. 

This fish was taken from the Tigris River. Its life history is quite 

similar to that of I*. . orient alls, 



LeuoiBOue epurius (Heckel) 

Body somewhat compressed, the height of the body is about two- 
ninths of the standard length. The diameter of the eye more than one-half 
the width of the interorbital space, and two-ninths of the head length. 
Mouth moderate width, not extending to the vertical from the front margin 
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Figure 69. Leuciaoua lepidus 
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of the eye , with the jaws even in front The dorsal fin with 3 simple rays 
and 8 branched rays* The origin of the dorsal fin is behind the insertion 
of the pelvioe* The origin of the anal fin is beneath the last ray of the 
dorsal* The anal fin has 3 simple rays and 10 branched rays. The lateral 
line count is 50. 

Oolort Generally silvery whitish, with back slightly darker 
This fish was taken from the Aleppo region. Its life history is 
somewhat similar to that of JU j?. orieutalis, 

Genus Phoxinellus Heokel 

Body medium, more or less compressed, covered with small scales. 
Mouth medium, terminal, without lips, no barbels. Suborbitals narrow, not 
covering cheeks, which are naked. Pharyngeal teeth conical, more or less 
hooked, disposed in a row on each Bide 5-5 > or 4* Paeudo-branohiae present. 
Lateral line complete or incomplete, nearer the belly than the back, but 
becoming median on the caudal peduncle when it exists. Dorsal fin without 
bony ray, comprised of 9 to 11 rays, commencing 30 me times over, generally 
in the rear of the pelvios. Anal short or medium with 9 to 14 rays, 7 to 
11 of which are branched. 

This genus is represented by six species in Syrian waters. 

Key to the Species of Phoxinellus 

1 a. Lateral lino complete ............... ......... * zere^i 

1 b. Lateral line incomplete 

2 a. Origin of doraal in back of the pelvios 
3 a. Lateral line sfales less than 45 

4 a. Anal rays 10 ..................... ....... JP. kervillei 

4 b. Anal rays 8 ............................ .JP. rutiloides 

3 b. Lateral line scales more than 44 
5 a. More than 51 scales in lateral 

line ...... ........ .................. . P t drusensis 

5 b. Less than 50 soales in lateral 

line .... ............ .... ....... . . . . . .P. eyriacus 
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2 b Origin of dorsal above the ventrals .......... .^. libani 

Phoxinellus drusensis Pellegrin 

The height of the body contained 3 to 3 2/3 times in the standard 
length, the length of the head 3 to 4 times* The snout, rounded, is 
equal or a little smaller than the diameter of the eye, trhioh is contain- 
ed 3 to 4 times in the length of the head, 1 to 2 times in the inter- 
orbital space. The jaws are equal, the mouth obliquely split and 
directed, attaining the anterior border of the eye or nearly so* The 
gill rakers, thick, are 7 in number on the lower part of the first 
bronchial arch. The pharyngeal teeth, hooked, are in a single row with 
a 5-4 formula. The lateral line count is 53-60 scales, 13-14 between 
the lateral line and the origin of the dorsal fin and 6 between the 
lateral line and the pelvic, 26-28 around the caudal peduncle. The 
lateral line is incomplete, extending 15-30 (exceptionally 40) scales. 
The dorsal origin is equal distant from the eye to the origin of the 
caudal, distinctly in back of the origin of the pelvic j it contains 2 
or 3 simple rays, flexible, and 7 branched rays having 3/4 to 4/5 the 
length of the. head) the superior /border is slightly convex. The anal, 
equally rounded, formed of 2 or 3 simple rays and 6 branched rays, is far 
from reaching the caudal. The peotoral, rounded, has 3/4 to 4/5 the 
length of the head, and does not attain the polvio. The pelvic is also 
rounded and does not reaoh the anal papilla. The caudal peduncle Is 1 1/3 
to 1 3/4 as long as high. The oaudal is forked, the lobes rounded* 

Colon Brownish on the bade, sides lighter yellowish to silvery, 
belly silvery. A blackish band along the middle of the side* 

This fish was taken from the Queiq and Saroute Rivers* Nothing is 
known of its life history. 

Phoxinellus kervlllel Pellegrin 

The height of the body equals the length of the head, and Is 
contained 3 to 4 times in the standard length. The eye is contained 
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Figure 71* Phoxinellus drusenais 
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2 ^ (very young) to 3$> tines in the head length} its diameter equals the 
interorbital spaoe and is superior to the snout* The snout is obtuse, the 
mouth terminal | oblique, extending almost under the anterior border of the 
eye) the jaws nearly equal, the lover a little protuberant The gill rakers 
are short and strong, and number 7 on the lower part of the first branohial 
arch* The pharyngeal teeth are uniseries, hooked, and number 5-4 There 
exists a pseudobreuich* The body is entirely oovered with scales, there being 
from 37 to 42 along the lateral line, whioh is inoomplete with 12 to 20 
soales being pierced, not passing the dorsal fin* There are 9 to 10 scales 
between the lateral line and dorsal fin, and 4 between lateral line and 
pelvic, and 18 around the oaudal peduncle. The dorsal arises a little near- 
er the origin of the oaudal than the tip of the snout, slightly behind the 
origin of the pelvios, and consists of 2 simple and 9 branched rays. The 
anal is almost as high as the dorsal and does not reach the oaudal* The 
pectoral is nearly 2/3 the head length and does not reach the pelvic* The 
pelvic does not reach the anal* The oaudal peduncle is 1 1/3 to I % times as 
long as high* The oaudal is distinctly forked* 

Colon Yellowish brown on the back, silvery on the sides, with 
a daric longitudinal band terminating in a black dot at the base of the 
caudal* All fins uniformly greyish* 

This fish was taken in the Orontes River* Nothing is known of 
its life history* 

Phoxinellus libani Lortet 

No complete description of this species is presently available* 
The chief distinguishing characteristic of the species is that the dorsal 
fin origin is above the pelvios* 

This fish is reportedly found in the upper Orontes* 

Phoxinellus rutiloides Tortonese 

Body rather short and high* The height is contained 3 times in the 
length, the head 3 2/3 in the standard length* The diameter of the eye equals 
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Figure 73. Phozinellus rutiloidee 
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tilt snout* 1/4 th* head* and 3/5 of the interorbltal space- The mouth 
does not reach the eye, the lower Jav 10 slightly projecting. No barbels* 
Ho peeudobranohiae. Six gill rakers on the first arch. Pharyngeal teeth 
uncinate, one row, 4-4- Lateral line soales from 37 to 43, 8 from lateral 
line to the dorsal and 4 from lateral line to anal, 14 around caudal 
peduncle. Lateral line not complete, 17 to 24 tubules. Dorsal fin com- 
posed of two simple and seven branched rays; dorsal origin behind 
pel vies. Anal fin composed of two simple and 6 or 7 branched rays. 
Pectoral length about half the head length and not reaching the pelvice. 
Pel vice end before anal opening. 

Colon Body darkish brown on back, sides yellowish brown, belly 
yellowish. A dark lateral line is present. Fins grayish. 

This fish is found in the Orontes River. Nothing is known of its 
life history. 

PhoiinelluB syriacus (Lortet) 

Body height contained 3 to 3*2 times in standard length, head 3.5 
to 3*7 in same length. Bye is contained 3.6 to 4 times in head length. 
The mouth is oblique, reaching beyond the anterior edge of the eye, lower 
Jaw slightly protruding. Lateral line scale count 46-48, with 12 to 17 
pores. The dorsal fin insertion is behind the Insertion of the pel vies. 
The dorsal fin is composed of 2 simple and 7 branched rays. The anal fin 
is composed of 2 simple rays and five or six branched rays. The pectoral 
fin is 3*5 the head length, rounded and does not reach the pel vies. The 
pel vice are rounded, and about 1/2 the head length, and do not reach the 
anus. 

Oolort Generally yellowish brown, dark median stripe down back, 
and dark lateral band present. 

This fish was taken in the waters of the vicinity of Damascus. 
Nothing is known of its life history. 
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seres! Heokel 



Mouth terminal, upper Jaw scarcely overlapping the lower. Body 
somewhat compressed, Its depth being equal to the head length, which ie 
one-fourth the standard length* 0111 rakers very short Pseudobranohiae 
present. Dorsal fin with 2 simple and 8 branched rays* Anal fin with 
2 simple and 7 branched rays. Lateral line soales 57-66. Lateral line 
pores complete. Pharyngeal teeth 5-5, slightly compressed, unoinate. 

Colon Body yellowish brown, darker on the back. A broad dark 
lateral band present, whioh is darker on the caudal peduncle. Belly ie 
light yellowish to silvery. 

This fish is reported from the Orontes River, nothing is known 
of its life history. 

Oenua Butilus Raf inesque 

Body more or less compressed, covered with medium soales. Mouth 
medium or very large, without lips or barbels. Suberbltals small, 
cheeks naked. Pharyngeal teeth in a simple row 5 or 6 - 6 or 5, com- 
pressed, more or less hooked and beveled. Lateral line complete, more 
near the belly than the back, but median on the oaudal peduncle* Dorsal 
short, without ossified rays, composed of 2 or 3 simple rays and 7 to 11 
branched, commencing over the insertion of the pelvios or a little to the 
rear. The anal resembles the dorsal, formed of 3 simple rsys and 8 to 11 
branched. A scaled appendage at the base of the pelvios. 

This genus is represented by one species in Syria. 

Rutilua trioolor (Lortet) 

The height of the body is contained 2 3/4 to 3 1/5 times in the 
standard length. The length of the head 3 1/4 to 3 2/3 in the same length. 



Figure 75* Rutilua tricolor 




uo 



The diameter of the eye is contained 3 2/3 to 4 2/3 times in the head 
length, 1 to 1 1/2 In the snout length and In the interorbital spaoe* 
The mouth is oblique, rery large, but does not reaoh past the anterior 
edge of the eyej the jaws are equal* The phaxyngeal teeth are numbered 
5-5. The scales, with few dirergent striations, are numbered from 
5 to 6 between the lateral line and the pelvic, 11 to 12 between the 
lateral line and the dorsal and 54 to 58 in the lateral line, and 20 
around the oaudal peduncle* The dorsal origin is about equal distant 
from the center of the eye to the origin of the oaudal} its longest rays 
are 3/5 to 3/4 the head length} its superior border ia slightly convex, 
the rays include three simple and 7 or 8 branched* The anal has its 
insertion equal distant from that of the dorsal and has its rays a little 
less long, with three simple and 9 or 10 branched. The pectoral is rounded 
and 2/3 the head length. The pel vies arise in front of the dorsal, its 
last ray corresponding to the first of the dorsal* The oaudal peduncle is 
1 1/2 to 2 times as long as high* The oaudal is forked, the lobes pointed* 

Colon Reddish brown on the back, silvery white on the belly with 
a longitudinal band of steel blue on the sid*>* 9 whence the specific name 
tricolor* 

This fish was taken from the Barada and AwaJ Rivera, nothing is 
known of its life history* 

Genus Ifrlognathua Heokel 

Scales of moderate size* Dorsal fin without osseous ray, with net 
more than 9 branched rays, commencing somewhat in advance of the pel vies* 
Snout obtusely rounded, the skin of the maxillary region being thickened, 
swollen, forming a projection beyond the mouth* Mouth essentially as 
formed in genus Labeo (mouth transverse, inferior, with the lips thickened, 
eaoh or one of them being provided with an inner transverse fold, which 10 
covered with a deciduous horny substance forming a sharp edge, which, 
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however, does not rest upon the bone ao the base, but is soft and movable)* 
Barbels very small, two or four, the maxillary barbels hidden in a deep 
groove behiftd the angle of the mouth. Anal soales not enlarged* Anal fin 
short* Snout frequently with tubercles and/ or pores* Pharyngeal teeth 
uncinate, 2, 4 5 - 5, 4, 2. 

This genus is represented by one species in Syria* 

Tylognathus nanus Heokel 

Body sub-cylindrical, its height is contained 2 3/4 to 3 3/4 times 
in the standard length, the length of the head 3 3/4 to 4 1/4 times* The 
snout is rounded, moderately proturberant The eye is superior-lateral, 
comprising a major part of the anterior half of the head and is contained 
3 1/4 to 4 1/4 times in the head length* The mouth is transverse, the 
width about 1/3 and head length} the Jaws are sharp, chiefly inferior, but 
they are not sheathed in horn} the lips well developed} it has two pairs 
of small barbels, the anterior of which is the smallest, the posterior 
being smaller than half the eye diameter. Lateral line soales 31 to 35, 
6 above lateral line to dorsal and 4 or 5 between lateral line and pelvic, 
16 around caudal peduncle. The dorsal begins an equal distance between the 
snout and the origin of the caudal, and consists of 3 simple rays and 8 
branched rays, the longest being 2/3 to 4/5 the head length . The anal is 
composed of 2 simple rays and 5 branched rays* which do not reach the caudal, 
The pectoral is pointed and is 2/3 to 3/4 the head length and does not reach 
the pelvios. The pel vies are inserted beneath or a little in back of the 
region of the dorsal. The caudal peduncle is a little longer than high* 
The caudal fin is strongly emarginate* 

Colors Olivaceous to brownish yellow on top, whitish underneath 
with silvery reflections and a longitudinal dark band extending from high 
at the gill opening to the end of the caudal peduncle* 

This fish was taken from the waters near Damascus, the Orontes, the 
Tarrauk and Lake Tiberius* Nothing is known of its life history. 
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Figure 76. Tylognathus nanua 



rostral flap 




5 branched rays 
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Genus Varioorhinus Ruppell 

Body compressed, covered with small, moderate or large scales* 
Lateral line complete, running closer to belly than back, but median on 
oaudal peduncle. Mouth large, inferior, transverse, feebly protractile, 
without lips, the upper partly covered with a rostral fold, the lower 
completely exposed and showing a sharp cutting edge covered with a horny 
sheath. Barbels present or absent, suborbitals not covering the cheek* 
Dorsal fin with or without osseous ray, with 11 to 14 rays, 8 to 11 of 
which are branched. Anal fin short, with 7 or 8 rays. Pharyngeal teeth 
in three series, 2, 3, 4 or 5 - 5 or 4, 3, 2, with spoon-shaped crowns* 
A scaled appendage at base of the pel vies. Nuptial tuberoles frequently 
developed on head and sometimes on the body* 

This genus is represented in Syria by 5 species. 

Key to the Species of Varioorhinus 

1 a* No osseous dorsal spine ][ syriaoa 

1 b* Osseous dorsal spine present 

2 a Dorsal spine weak} body not spatted 

3 a* Lateral line scales less than 89 .......... V,. dama acinus 

3 b. Lateral line scales more than 88 .*..,... V\ umbla 
2 b. Dorsal spine strong} body spotted 

4 a. Spine longer than head length V. trutta 

4 b. Spine shorter than head length .......... V\ barroiei 

VarioorhinuB barrels! (Lortet) 

The body is compressed on the sides, the height is contained 3 1/3 
to 4 3/4 in the length without the oaudal, the length of the head 4 1/4 to 
4 3/4* The snout is rounded, more or less covered with tuberoles in adult 
males The diameter of the eye is contained 4 1/4 times in the young to 
7 times in the adult in the head length} 1 1/2 times in young to 2 1/2 times 
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Figure 77 Yarioorhinus barroisi 



strong spine, 
abort or than head 
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in adult in the snout length} 11/2 tines (young) to 3 times in the inter- 
orbital space* The mouth is inferior, transverse, its breadth is contained 
3 times (adult) to 4 times (young) in the head length. The lips are little 
developed, the inferior limited to the sides of the mouth. At each buooal 
angle there is a small barbel about 1/2 the eye diameter . There are 72-81 
scales on the lateral line, 16-18/20-23 on the transverse line, 9-12 between 
the lateral line and the pelvic, 28-34 around the oaudal peduncle. The 
scales on the belly and in front of the pelvios are very small, and not 
regularly imbricated. The dorsal fin begins an equal distanoe from the tip 
of the snout and the origin of the oaudal; it is formed of 3 simple rays 
and 9-10 branched rays* The third simple ray constitutes a strong spine 
bearing a double row of teeth on the posterior border, and is proportionately 
longer in the young, where it attains nearly the head length, while in the 
adults it is only about 1/2 the head length. The d en ti emulations uniformly 
do not extend more than 2/3 of the height of the spine in the adult, while 
in the young they extend almost the height. The fin is a little less high 
than long (young) and longer than high in the adults. 

The anal fin Is composed of 2 simple rays and 6 branched rays and 
does not reach the oaudal. The pectoral is rounded slightly, and is nearly 
as long as the head, and terminates a distanoe from the pelvic. The pelvio 
origin is behind the origin of the dorsal and nearly equals the pectoral, 
and does not reach the anus The caudal peduncle is 1 1/2 to 2 times as 
long as high. The oaudal is distinctly forked. 

Colon Back and sides slate to violet f with belly yellowish. A 
multitude of small brownish to blackish dots cover the body and fins. 

This fish is reported from the Orontea River and its tributaries, 
the Queiq River, the lake at Horns and Ouadl Roumelane. Nothing is known of 
its life history. 
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Tarlcorhinus daroasoinus Curler and Valenciennes 

The height of the body 10 contained 3 1/2 to 4 times in the standard 
length) the length of the head 4 1/3 to 5 tines The snout is obtuse and 
rounded. The eye is visibly more up than down, its diameter is oontained 
4 2/3 to 6 3/4 times in the head length, 2 to 3 times in the length of the 
snout and in the interorbltal space* The mouth is inferior, round, and 
forms a oresoent, with the upper lip smooth bordered and the lower jaw has 
a horn rim} its width is oontained 3 to 3 1/2 times in the head length* 
There is one pair of barbels equal or slightly longer than the eye diameter* 
The pharyngeal teeth are of the number 2, 3, 4 - 4, 3, 2. The lateral line 
soales vary from 61 to 78, transverse counts from 12-15/18-20, with 9-12 
between lateral line and pelvic, and 26 to 30 around caudal peduncle. 
The dorsal commences about an equal distance from the tip of the snout to 
the origin of the caudal $ its third simple ray is somewhat ossified, 
finely toothed behind) its length about 2/3 to 3/4 that of the head, 1 1/3 
times that of the base of the fin, the upper edge of it is straight) it has 
8 or 9 branched rays. The anal may or may not reach the caudal, and contains 
three simple rays and 5 branched rays* The pectoral, rounded, is about 5/6 
the head length and is separated from the pelvic by an equal distance or 
less than its own length* The pelvic arises under the first rays of the 
dorsal and almost reaches the anus* The oaudal peduncle is 1 1/2 to 
1 3/4 times as long as high. The oaudal is forked, the lobes generally 
rounded, at times pointed. 

Colon Generally brownish on the back, with the sides whitish or 

yellowish, and the belly with silverlsh reflections. The fins are 

i 
uniformly brownish br greyish. 

This fish is found in many waters of Syria. A study must be made 
of this species, since it appears that there are several variations in 
scale counts to be found, and it is likely that this species may be 
divided into several subspecies. Earlier workers described several 
species for this region, but it has been found that there is a great 
overlap in the scale counts which were the major separation of the species, 
and therefore it seems likely that subspecific designation would be more 
practicable. 
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Figure 78. Varicorhinus damaaoinua 



weak spine 




body not mottled in adult 



Figure 79- Varicorhinus trutta 



strong spine, longer than head 
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Little 10 known of this epooies life history . Specimens of 50 
centimeters in length and a weight of 300 grains hare been taken. It is 
primarily an herbivore. 

Varicorhinus syriaoa Cuvier and Valenciennes 

The height of the body is more than the length of the head, which is 
1/5 the standard length The snout is thick and roundod. Two barbels only 
at the corners of the mouth* The eye is small* The dorsal fin with three 
simple rays and 9 branched rays, the third ray is not osseous. The anal fin 
is composed of two simple rays and five branched rays. The lateral line 
scale count is 80 

Colon Generally brownish on the back and sides, yellowish to 
whitish on the belly* 

This fish might be found in the Jordan River. Nothing is known of 
its life history. 

Varioorhinug trutta (Heckel) 

The osseous ray of the dorsal fin 10 very strong, and considerably 
longer than the head* strongly serrated. The origin of the dorsal fin is 
midway between the tip of the snout and the root of the caudal* The dorsal 
fin consists of three simple rays and nine branched rays* The anal fin is 
composed of two or three simple and five branched rays. The lateral line 
scales number 77-82, 16/22 on the transverse line* The eye is small. The 
head length is 1/3 the standard length. The scales on the abdomen are very 

small. 

i 

Colors Generally brownish to yellowish on the sides and back, the 
belly lighter in color* Head and body covered with black dots* 

This fin was taken from the Euphrates, Khabour and from the Tigris 
Rivers. Nothing is known of its life history* 



FB/T8 _^__^^ 14? 



Varioorhinus umbla Heokel 

The head length is one-fifth of the standard length; the eye is 
rather small} the snout is obtuse* The origin of the dorsal fin is 
somewhat nearer to the end of the anout than to the root of the caudal. 
The dorsal fin has three simple and 11 soft ray a, the third ray is feebly 
osseous and finely serrated* The anal fin has three simple and 5 branched 
rays, and is deep and narrow. The lateral scale count is 9 to 96 scales* 

Colors Generally brownish on the back, with the sides lighter. 

This fish was taken from the Tigris River. Nothing is known of 
its life history. 



Family CIPR1UODOKTIDAB 

Body covered with scales* Head scaled* Mouth very protractile 
covered with teeth* edges formed by the premaxill axles only* Maxillaries 
small* Pharyngeal teeth generally oardiform; inferior pharyngeals distinct < 
No barbels* Branch! ostegals numbering 4-6. Four branchial arches. Oper- 
otilar apparatus veil developed* 0111 membranes free* Lateral line absent 
or reduced to small points* Unpaired fins greatly different in the two 
sexes* Dorsal unique* formed of soft rays* few in number. Anal short or 
medium* Pectorals situated more or less low. Pelvics composed of 5 to 7 
rays, rarely absent* Swim bladder simple, sometimes absent* Ho adipose 
fin* Stomach without caecae; pylori c appendages none* No pseud obranohiae. 

One genus represents this family in Syrian waters* 

Genus Aphanius Nardo 

Body thick set* oblong, covered with large smooth scales, no 
denticles* Head flattened on top* Mouth small, covered with a single 
series of medium tricuspid teeth* Inferior pharyngeals separated, covered 
by small pointed teeth. Dorsal rather far back, usually arising in front 
of the anal} the latter composed of 9 to 14 rays; the two fins more 
developed in the male than in the female. Pectorals inserted on the lower 
sides of the body. Pel vies present, located far behind the pectorals* 

Three species represent this genus in Syrian waters* 

i 

Key to the Species of Aphanius 

1 a* Two orescent-shaped bands on the tail A,, dispar 

1 b* No ores cent -shaped bands on the tail 

2 a* Eye diameter one-third head length} and almost 

equal to interorbital space ** * A. sophiae 

2 b. Eye diameter one -fourth head length* and one-half 

interorbital space .* A* mento 
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Aqhapius digpar (Ruppell) 

The height of the body is equal to the length of the heady and is 
contained 3 2/3 in the total length) head thick, snout obtuse. The 
diameter of the eye equals the length of the snout, is rather more than 
one-half the width of the interorbital space, and contained 3 2/3 in the 
head length* Dorsal and anal fins are elevated in males, and extending to 
the oaudal if laid backwards. Dorsal fin rays 9> anal fin rays 10. In 
males, the origin of the dorsal fin is midway between the root of the 
oaudal and the preoperoulum, and corresponds to the llth scale of the 
lateral line. The first anal ray is below the sixth of the dorsal* 
The oaudal fin is rounded. The lateral line scale count is 25-27* 

Colon Body without silvery crossbars, but with irregular reti- 
culated markings in young} body generally brownish in color. Caudal fin 
with two crescent-shaped brown cross bends. 

This fish is probably to be found in the Tigris and Euphrates Rivers. 
Nothing is known of its life history. 

Aphanius mento Heckel 

The height of the body equals the head length, which is two-sevenths 
of the standard length. The diameter of the eye is one-fourth the head 
length, and one-half of the width of the interorbital space. The pelvio 
fins scarcely in advance of the middle of the standard length, but con- 
spicuously in advance of the dorsal. Dorsal rays 2 simple and 10 branched* 
The anal fin is composed of 2 simple and 9 branched rays and commences below 

the middle of the dorsal, with the hinder third of the standard length. 

f 

Dorsal and anal fins not elevated. Lateral line scale counts 27* 

Colon Male, dark brown, with fins black and white dotted. Female, 

lighter in color with uniform whitish fins. 

Nothing is known of its life history. 

This fish was taken from the Orontes, Barada, Awaj, Afrin Rivers, 

and the Springs at Jeirrud and Muzerib, and Horns Lake. 
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Figure 80* Aphaniua diapar 

2 crescent band* 




Figure 81 Aphaniua manto 




Figure 82. Aphanlus sophiae 

4 

T* 1/3 head 
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Atfaanlus soiMae Heokel 

The body height 10 contained 2 1/2 to 3 1/2 times in the standard 
length^ the head length 3 to 3 1/3 times* The superior profile is straight 
The eye diameter is contained 2 1/2 to 3 1/4 times in the head lengthy o to 
1 1/3 in the inter orbital spaoe. The mouth, terminal, is directed upwards 
when it is retracted* The eye diameter is more than the length of the snout* 
There are 16 trlouspid teeth on eaoh Jaw, the median point is a little longer 
than the lateral points* There are 14 scales in the transverse line, 18 
around the caudal peduncle, and 27 to 30 in the lateral line, whioh is very 
indistinct or missing* The dorsal origin is nearly equal distant -from the 
operoular slit to the origin of the caudal f its longest ray is 1/2 or a 
little more than 1/2 the head length} its superior border is convex* and 
is composed of 2 simple and 9 branched rays* The anal is similar in shape 
and is composed of 1 simple and 9 branched rays. The pectoral is rounded 
and equals about 2/3 the head length. The pel vies measure 1/2 the head 
length and commence a little nearer the origin of the caudal than the tip 
of the snout* The caudal peduncle is nearly as long as high* The caudal 
is rounded* 

Colors In males, the general color is light brown with 9 to 11 
silver bars, but at times the males may be dark blue in color, almost to 
blaok. The dorsal fin may be bluish or blackish In oolor with silvery or 
bluish spots forming transverse lines. The caudal may be barred with 
several thin transverse lines of dark. The anal fin is also banded* 

In the female, the oolor Is lighter* usually brownish, and usually 
spotted with a series of small brown spots, somewhat in longitudinal lines* 

This fish has be&n taken from the Orontes, the Khabour Hiver, and 
the Farsraya springs at Douma* 

It grows to a 3 mgth of a little more than 50 millimeters* It feeds 
upon plankton* and mi<tyje and mosquito larvae and pupae* It is primarily a 
surface feeder, with /ts upturned mouth* 



Family QASTEROSTBIDAB 

Form of body elongated, compressed) eyes lateral) cleft of 
mouth extending on the aides of the mu&sle, obliquej vllliform teeth in 
both Java and on the pharyngo-branchials, none on the palate or on the 
tongue. Three branohiostegals* Opercular bonee not armed) infraorbital 
aroh artloulated with preoperoulum) part a of the skeleton forming external 
nails* Scales none, or in the fora of scaly plates only on the sides 
Isolated spines before the dorsal fin) pelvio fins abdominal but publo 
bones attached to humeral arch) pelvio with one strong spine, and 
generally with another single short ray. Swim bladder simple, oblongi 
pylorio oaeoae in small number* 

This family is represented by one genus in Syria* 

Qenua Oasterosteus Linnaeus 

Body elongated} independent dorsal spines usually 3, but sometimes 
2 or 4) the main characteristic of the genus is the small number and large 
else of these dorsal spines, the anterior two being especially strong) gill 
olefts distinct one from the other under the throat) sides usually bearing 
bony plates or shields) height of the body about 1/4 the standard length* 

This genus is represented in Syria by one species* 

Oasteroateus argyropomus Curler and Valenciennes 

Sides without any plates* The anterior spines about one-third the 
height of the body.* Dorsal fin dommencing last third of the body, with 12 
rays* Anal fin shorter than dorsal, commencing behind dorsal insertion, 
composed of one spine and 10 branched rays* 

Colon Back generally brownish-green, more pale on the sides with 
reflections of silvery, and white on the belly with dark spots of varying 
size and "number* There is considerable color variation between individuals* 



Figure 83* Qasteroateus argyroponus 



isolated spines 
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This fish generally measures up to 5 or 6 centimeters in length, 
and a weight of a few grama* It feeds on plankton and small crustaceans, 
inseot larvae, eggs of fish, and small fry. The eggs are relatively large, 
measuring 1 1/2 to 2 millimeters in diameter, and eaoh female may lay as 
many as 300 eggs* The male constructs a nest by making a hollow in the 
bottom muds and builds over the hollow an intertwining net of aquatic 
vegetation* After the eggs are laid the male guards the eggs and try until 
they can attend to themselves* 

Family MASTACEMBBLIDAE 

Body eel-like* compressed and elongated, covered with minute soalss} 
non- protractile mouth and elongated snout supported by a cartilaginous rod 
and ending in a sensitive tip flanked by the tubular anterior nostrils, whioh 
are thus remote from the posteriory palatines flake-like, fused to the 
ethmo-vomerf long soft dorsal and anal fins, preceded by 7 to 40 detached* 
depressible dorsal spines, and 1 to 3 anal spines} pelvio fins absent} 
post temporal bone (except its lateral line component) absent} pectoral 
girdle not attache 1 to skull} caudal short, either confluent with dorsal 
and anal, or narrowly separated} air bladder without an open duct. 

One genus represents this family in Syria. 

Genus Mastaoembelus Qronovius 

Premazillary simple, not prolonged far in front of tip of lower jaw 
as a paired series of toothed plates} snout conical with tubular anterior 
nostrils opening near its tip, supported internally by a rod-like rostral 
cartilage* 

This genus is represented in Syrian waters by one species* 
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Maetaoembelufl mastaoembelus (Solander) 

Scales present around lower half -circumference of eye, below 
posterior nostril and between the latter and the maxilla} spaoe between 
posterior nostril and eye, top of snout, internasal and Interorbital spaoes 
and top of head aaftir as hind edge of preoperoulum naked* Ho spines on 
preoperoulum. One strong preorbital spine piercing the skin or not pungent. 
Oape of mouth to below posterior nostrils or anterior border of eye. Teeth 
in broad bands in both jaws, the outer larger and sharp* Ho gill rakers 
Spinous dorsal originating above posterior third of peotoral fin) with 
31-33 spines) last dorsal spine small hidden beneath the skin. Anal 
spines together, 3 in number, second largest, last small and hidden in skin* 
Soft dorsal with 70-90 rays, soft anal with 72-90 rays. Soft anal originat- 
ing slightly in advance of the soft dorsal 

Colors Body pale brown, becoming darker on back* Dusky bars and 
blotches along entire side, sometimes confluent into reticulate patterns 
The higher ventral surface sprinkled with yellowish spots* Vertical fins 
yellowish, dorsal and caudal striated with minute dusky bars, and anal less 
striated, with bars and spots which may be confluent with the bars of the 
body* Pectorals yellowish and barred with rows of minute dusky spots* 

This fish was taken in the Euphrates and Khabour Rivers, and is 
reported from the Kueik river, but was not taken in the present collec- 
tions from the Kueik. This eel la widely distributed in the Euphrates 
drainage and is found in still and running waters, in clear as well as 
muddy water, usually lurking in crevices of the rooks and among vegetation 
near the banks* Nothing is known of its life history* In the far eastern 
countries where other species of this genus are found, they are eaten and 
considered a very good fish. In Syria, however, they are called snakes 
and are not taken for food. 
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Figure 84* Mto embalm aastaoembelue 



spines 




nostrils on projection 
from enout 
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Family MUOILIDAE 

Body more or leas oblong and compressed, covered with oyoloid scales 
of moderate size} lateral line absent. Cleft of mouth narrow or of moderate 
width, without or with feeble teeth. Ifcre lateral, well developed* 0111 
opening wide} Four gills) pseud obranohiae present; fire or six branch! o- 
stegals. Two short dorsal fin a, distinct and separate, the anterior with 
four stiff spines | the anal a little longer than the posterior dorsal* 
Pelvic fins with one spine and five rays, abdominal, suspended from the 
elongate ooraooid bone* 

This family is represented by two genera in Syrian waters. 

Key to the Genera ..of Mugilidae 

1 a. Anterior edge of maxilla straight; 

large adipose eyelid present .. Mugil 

1 b. Anterior edge of maxilla angular, bent downward at 
the corner of the mouth 5 no adipose eyelid 
present (or poorly developed if present) Liza 

Genus Liza Jordan and Swain 

Upper lip thin to moderately thick, terminal, not papillate; 
lower lip thin-edged, directed forwards} teeth setiform, oililform or 
absent In upper lip, oiliiform or absent in lower lip; teeth present on 
palatef lower Jaw wider than long, with a straight or slightly curved edge) 
symphysial knob present; premaxilla bent down posteriorly; maxilla bent 
down over premaxilla, either in a uniform curve or with an S-ahaped curve 
at the end, and with a pronounced angle in the anterior view; the end of 
the maxilla makes an angle with the oorner of the mouth instead of conti- 
nuing the line; preorbital ridged, bent down behind the maxilla* its 
anterior edf;e ourved, angular or almost straight; nostrils fairly close 



160 Fl/frS 

together} adipose eyelid sometimes present, never so veil developed as la 

stomach with well -developed bi conical gizzard} pjrlorio oaeoa 2 - 14* 

Key to the Species of Lisa 

1 a. Upper lip papillate, thick .................. I>. labrosus 

1 b. Upper lip not papillate, thin 

2 a. Predorsal soales multi canaliculate ................. L. s aliens 

2 b. Predorsal soales uni canaliculate 

3 a. Soft anal rays 8 ................................. L. abu 

3 b. Soft anal rsys 9 

4 a. Peotoral fin 1.15 to 1.35 in head) 

longer than head without snout . . L. auratus 

4 b. Peotoral fin 1*4 - 1*85 in head} 

shorter than head without snout ....... L.. oapito 

Liza abu (Heokel) 

Length of head 24-29# of the standard length and 3*45 to 4.1? in 
it, greatest width of head 14*6 - 19*2#} interorbital width 8.? - 10.9 & 
diameter of eye 3-1 - 4.4 in head. Head as deep as wide, profile blunt, 
snout wide and shorter than the eye. Upper lip thin* Teeth small and 
setiform in upper lip, absent on lower lip. End of maxilla with an 
S-shaped bend in lateral view, its tip exposed during life* Anterior edge 
of the pre orbital angular, bent down at the oorner of the mouth, its end 
wider than the distance between the nostrils, denticulate. Lower jaw 
wider than deep, edge of mandible straight. Adipose eyelid absent. 

First dorsal spine much nearer to the tip of the snout than than to 
the base of the oaudal fin, very long and stout, 19-24$ of the standard 
length. Seoond dorsal fin 1,8; Anal fin III, 8, its origin Just in 

advance of that of the second dorsal} both fins lightly scaled. Peotoral 



fin 16.4 - 18.1 % of the standard length and 1.38 to 1.70 in head. Axil- 
lary process absent. Pelvic fin inserted just in advance of the first 
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Figure 85 Liza abu 




8 soft rays 



Figure 86 Liza auratus 



longer than head 
without snout 
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dorsal* None of these fins is falcate* Caudal fin emarginate, caudal 
peduncle 1*5 - 1.8 times as long as deep. Anal and pelvic spines very 
stout. 

Scales in longitudinal series 42-45* strongly otenoid. Soale 
oanals short and pit-like. No multioanaliculate scales. Gill rakers 
short, 44-55. Pylorio oaeoae, 4. 

Colon Bark dorsally, light ventrally, with a dork longitudinal 
stripe f Just below level of peotoral fin. 

This fish was taken from the Euphrates, Tigris and Khabour Rivers 
and Lake Khatuniyeh. It has become aoolimated to fresh waters, remaining 
continually in the fresh water. It spawns in the spring, especially in the 
Khabour River* It may reach a length of about 30 centimeters* It is 
primarily a plankton-vegetation eater. 

Liza auratuq (Cuvier) 

The height of the body ie contained five times and one-fourth to 
five times and three-fourths in the total length, the length of the head 
5 times. The snout is broad and depressed} the interorbital space is 
slightly convex, its width being 2/5 of the head length. The upper lip does 
not show anything particular, and is not covered by the nasal bones. The 
angle made by the two mandibularies is rather obtuse, and the olef t of the 
mouth is more than twice as broad as it is deepf the preorbital has a 
longitudinal ridge covered with skin, and only the outermost extremity of 
the maxillary bone projects beyorjd its margin. Efores with a rudimentary 
adipose membrane; nostrils close together, they are less distant from each 
other than the posterior is from the eye. A short lanceolate portion of 
the chin is not covered by the mandibularies. There are 25 scales between 
the snout and the spinous dorsal. The two anterior dorsal spines are 
nearly one-half of the length of the head. No pointed scale in the axil 
of the peotoral. There are 42-45 scales in the longitudinal line, the 
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13, 14, and the 26th scales of the line correspond to the extremity of the 
pectoral and to the origin of the two dorsal fins. The root of the pectoral 
10 above the middle of the body) the pelvio is inserted midway between 
the peotoral and the splnous dorsal, 

Colors Body dusky gray, belly silvery* A series of dark stripes 
on baok and upper wides* 

This fish is found on oooasion in the lower reaches of the ooastal 
rivers along the Mediterranean coast. A length of 20 to 45 centimeters 
is reached* This fish is considered very good eating* 

Liza capito (Cuvier) 

The height of the body is contained 5 times or 5 1/3 times in the 
total length, tho length of the head 4 1/2 times* The snout is broad and 
depressed; the interorbital space slightly convex, its width being con- 
tained 2 1/2 to 2 1/3 in the hoad length. The angle made by the 
mandibulary bones is rather obtuse} the preorbital has an obtuse longi- 
tudinal ridge, and does not entirely cover the maxillary bone* EJyes 
without adipose membrane. Nostrils close together, they are less distant 
from each other than the posterior is from the eye. The lips are not 
covered by the nasal bones. The space at the chin, between the mandibu- 
laries and the interopercula, Is rather broad, elongate and cuneiform. 
There are 28 or 30 seal GO between the snout and the e pi nous dorsal* The 
two anterior dorsal spines are nearly half aa long as the head. There 
are 45 scales in the lateral line, the 8th or 9th, the 12th or 13th, and 
the 24th or 25th scales of the line correspond to the extremity of the 
pectoral, to the origin of the two dorsal fins. The root of the peotoral 
is above the middle of the body; the pelvic is inserted midway between 
the peotoral and the epinoua dorsal* 

Colors Back brownish with metallic reflections, the belly 
silvery gray* 

This fish is also found on occasion in the lower reaches of the 
ooastal streams of the Mediterranean* A length up to 50 centimeters may 
be reached. It is a good eating fish* 



figure 87* Lisa oapjto 



shorter than head 
without nout 




Figure 88. Liza labrosu 



upper lip papillate, 
thiok 




Liza labrosus (Risso) 

The height of the body is contained 4 2/3 or 5 times in the total 
length, the length of the head 5 times and 1/2 The snout is broad and 
depressed} the interorbital space slightly convex, its width being nearly 
1/2 of the head length. The upper lip is very thick, with three series of 
short broad papillae on its inferior half. The angle made by the two 
mandibulary bones is obtuse) the pre orbital has an indistinct longitudinal 
ridge, and does not entirely oover the maxillary bone; its extremity is 
rounded, the anterior angle being not much wider than the posterior. Eyes 
without adipose membrane) nostrils close together, they are less distant 
from each other than the posterior is from the eye. The chin is entirely 
covered by the mandibulariee, or they leave between them only a very narrow 
strip uncovered* There axe 28 scales between the snout and the s pi nous 
dorsal. The two anterior dorsal spines exceed 1/2 the length of the head. 
There are 45 scales in the lateral line. The 13th, 14th or 15th, and the 
26th or 2?th scales of the lateral line correspond to the extremity of the 
peotoral and the origin of the two dorsal fine. The origin of the spinoua 
dorsal is nearer to the oaudal than to the snout. The root of the peotoral 
is somewhat above the middle of the body. The pelvic is inserted midway 
between the peotoral and the spinous dorsal. 

Colors Back and head bluish gray, belly silvery. Lateral xxnes 
of yellowish color along the sides. 

This fish inhabits the Mediterranean Sea and enters into the 
lower reaches of the streams entering the Sea. A length up to 60 centi- 
meters may be attained. 

Liza sal iens (Cuvier and Valenciennes) 

The height of the body equals the length of the head and is 
contained 5 1/2 times in the total length. The snout is moderately broad, 
somewhat tapering anteriorly) the width of the interorbital spaoe is 1/3 
of the head length. The angle made by the two mandibulary bones is a right 
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Figure 89. Lisa salient 



predorsal scales 
multicanaliculate 
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one; The poreorbltal does not entirely cover the maxillary* Eyee without 
adipose membrane. Nostrils close together, the posterior being in the 
middle between the orbit and the anterior* Lips not very thiok, not covered 
by the nasal bones . The epaoe at the chin, between the mandibularies and 
the inter operoula, is elongate, tapering anteriorly* The two anterior 
dorsal spines are about half as long as the head* There are 45 scales in 
the lateral line. The pectoral terminates at some distance from the 
vertical from the origin of the dorsal, and its root is somewhat above the 
middle of the body. 

Colors The back is generally dark gray, the belly silvery, with 
longitudinal lines of bluish cast. 

This fioh is found in the Mediterranean Sea and frequently is 
taken in the mouths of the streams entering it* A size up to 40 centimeters 
may be attained by this species* 

Genus Muffil Linnaeus 

The mouth is more or less transverse, with the lateral oleft short. 
No true teeth in the jaws* The anterior margin of the mandible is sharp, 
sometimes ciliated* A division of the stomach is extremely muscular. 
Adipose eyelid well developed. 

This genus is represented by one species in Syrian waters. 

Mu^il oephalus Linnaeus 

The height of the body is contained 5 times in the total length, 
the head length 4 1/2 times. The head is very slightly convex superiorly. 
and the width of the inter orbital space is contained two and one-third 
times in the head length* The upper lip is not thiok. The angle made by 
the two maniibulary bones is obtuse* The cleft of the mouth is not quite 
half as de/p as broad (between the angles of the mouth). The maxillary is 
entirely covered by the preorbital* E|yes hidden behind a broad adipose 
membrane* Nostrils rather distant from eaoh other, the posterior being in 
the middl'i between the anterior and the orbit* The apace at the chin 
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Figure 90. Mugil oephalue 



adipoae eyelid 
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between the mandibles la broadly lanceolate* The vertical fins are not 
soaly* The first two dorsal spines are half as long as the head. There are 
42 so ales in the lateral line. The pectoral extends to about the eighth 
soale of the lateral line, its base is above the middle of the body. The 
pelvic is inserted midway between the peotoral and the spinous dorsal. 

Colors Baok dark gray, belly silvery white, sometimes dark gray 
longitudinal lines are present* 

This fish is found in the Mediterranean Sea and occasionally in the 
lower reaohes of the streams emptying into the Mediterranean* 

This fish may be raised in fresh water ponds* Young fingerlings are 
taken from the sea and brought to fresh water ponds. Young feed upon plankton 
and algae. Adults feed upon algal vegetation, debris and detritus. A length 
up to 50 centimeters may be attained, and a weight of about one kilogram* A 
fish 50 mB long would be about 7 years old. 

Family POECILIIDAE 

Body oblong or moderately elongate, oompressed behind, depressed 
forward, covered with large oyoloid scales, which are adherent and regularly 
arranged. Head scaly, at least above. Mouth terminal, small, the lower jaw 
usually projecting) margin of upper jaw formed by the premaxillaries only) 
premaxillaries strong, extremely protractile. Teeth inoisor-like or villiform, 
sometimes present on vomer, but usually in the jaws only) lower pharyngeala 
separate, with cardiform or rarely molar teeth; third upper pharyngeal enlarged, 
the fourth wanting or united to the third. Gill membranes somewhat connected, 
free from isthmus, gill rakers short, thick. Branohiostegals 4 to 6* Pseudo- 
branohlae none* Dorsal fin single, inserted posteriorly, of soft rays only, 
rarely with a single spine or rudimentary spiny dorsal} oaudal fin not forked} 
pelvio fins abdominal, rarely wanting} peotoral fins inserted low} no 
adipose fin* Stomach si phonal, without pyloric appendages. Air bladder 
simple, often wanting. 

One genus represents this family in Syrian waters* 
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Genus Qambusia Poey 

The body is moderately elongate, becoming deeper in the female* 
Mouth moderate, lower jaw projecting, the bones well Joined} both Jawe 
with a band of pointed teeth whioh are not movable* The snout is not produced, 
Scales large* Gill openings not restricted* Dorsal and anal fins both 
rather short and small, the anal more or less in advance of the dorsal} anal 
fin of male muoh advanced and modified into a long int remittent organ, 
whioh is about as long as the head* Intestinal canal short* Branchioste- 
gals 6. 

One speoles is represented in Syrian waters* 

Oambusia af finis (Baird and Oirard) 

Head 3 1/4 to 4, depth 3 2/3 to 4 in standard length* Body rather 
plump, large specimens becoming deep* Head moderate, very broad and muoh 
depressed) teeth in broad villiform bands) eye moderate, 1 1/2 to 1 3/4 
in interorbital width) 3 to 3 1/2 in head* Intestinal oanal is long as 
body* Dorsal small, far back, distance from its insertion to caudal half 
that to its snout, its first ray about over middle of anal* Anal larger 
and higher than dorsal* Dorsal 6 to 8 rays, anal 8 to 10* Scales 29 to 32* 

Col or i Light olive, each scale edged with darker. A very narrow 
streak of dark along the sides. Top of head dusky. A more or less distinct 
triangular bluish black bar below eye. Sides and belly anteriorly dusty 
with dark dots. A blaok blotch on each side of the belly caused by the 
black internal organs showing through the skin* 1 Young specimens often 
uniformly yellowish* Fins dusky, ^ the caudal usually with a cross series 
of dots* 

This species was taken from the lower Yarmuk River* It was intro- 
duced into the Jordan River drainage as a mosquito controller* It is quite 
effective as a mosquito controller since its primary food is small inseot 
larvae* 
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Figure 91. Qambuaia af finis 
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The species is a live-bearer, the young being born alive In warm 
waters several broods a year are possible* 

The male is usually quite small, seldom attaining a length of 5 
centimeters. The female grows to a larger size* Sinoe this species is a 
warm-water fish, it will not become very widely distributed, probably thriving 
only in the lake Tiberias region* 

Family SILURIDAE 

Head and body naked, or covered with osseous scutes, but not scales* 
Mouth non-protractile, generally bordered by the premaxillaries and not the 
maxillarles, which are rudimentary and form the base for the maxillary barbel* 
Barbels always present, from one to four pairs* Suboparoulum absent* Branch! o- 
stegals from 4 to 17 in number. No psoudobranchiae. Pharyrigeals having small 
teeth, conical or in sheaths* Air bladder generally present, communicating 
with the organ of hearing by means of auditory ossicles* Adipose fin present 
or absent* 

This family is represented in Syria by two genera, 

Key to the Genera of Silur.idae 

1 a. Dorsal fin and anal fin very long ..... . ................. Clarlas 

1 b . Dorsal fin very short, anal fin long ......... . ....... , ..... Silurus 



Oronovius 



Adipose fin hone. Dorsal 'fin long, extending from the neck to the 
caudal. Anal fin long* Jaws with a band of villiform teothj a band of 
villiform teeth or granular teeth across the vomer. Cleft of the mouth 
transverse, anterior of moderate width. Barbels eight, one pair of nasal, 
one of maxillary, and two pairs of mandibulary barbels* Eyes small, with 
free orbital margin* The upper and lateral parts of tho head are osseous, or 
covered with a very thin skin. A dendritic, accessory branchial organ is 
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attached to the convex side of the second and fourth branchial arches, and 
received in a cavity behind the gill cavity proper Pelvic fins six rayed . 
Fetrocal fin with pungent spine 

This genus is represented in Syrian waters by one species* 

01 arias lazora (Cuvier and Valenciennes) 

Depth of body 5 to 9 times in the total length, length of head 3 to 

3 1/2 times* Head 1 1/2 to 1 2/3 times as long as broad, its upper surface 
coarsely granulate in the adult; occipital process angular and rounded; 
frontal fontanelle sole-shaped or knife-shaped, 2 1/2 to 4 times as long 
as broad, 3 1/2 to 6 times in head length* Occipital fontanelle small, in 
advance of occipital process* ]$ye 2 (young) to 4 1/3 times in snout length, 

4 to 7 timos in inter orbital width. Width of mouth equal to or a little 
less than interorbital width. Band of premaxillary teeth 4 (young) to 6 
times as long as broad* Vomerine teeth granular, forming a cresoentio 
band with or without a posterior median process, its greatest width in the 
middle 1 1/2 to 2 1/2 times that of the premaxillary band; anterior 
mandibular teeth pointed, posterior granular* Nasal barbal 1/3 to 2/3 
length of the head (up to 4/5 in very young). Maxillary barbel usually 

a little shorter than the head, sometimes a little longer (up to 1 1/2 in 
very young), reaching extremity of pectoral spine or a little beyond 
extremity of pectoral fin. Outer mandibular barbel 1 1/5 to 1 2/3 times 
as long as inner, which measures 2/5 to 3/5 head length* 0111 rakers long 
and close set, 35 (very young) to 135 n anterior arch. Clavicles striated 
or rugose with granulations, more or less distinct under thin skin. Dorsal 
62-62 rays, its distance from occipital process 1/7 to 1/4 head length, its 
distance from the caudal not greater than the eye diameter. Anal 50-65 rays, 
narrowly separated from caudal* Pectoral 2/5 to 1/2 head length, the spine 
serrated on the outer side, and 2/5 (young) to 3/4 the length of the fin* 
Pelvlos equally distant f::om end of snout and root of caudal, or a little 
nearer the snout* Caudal about half length of head* 
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Figure 92. Clarias lazera 



long dorsal 
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* 

Colors Greyish olive to olive brown to blackish above, uniform or 
marbled with lighter} white or greyish underneath* Vertical, fins often with 
yellowish edges usually more or less distlnot dark band on eaoh side of the 
lower surface of the head. Young specimens often with a* dark bar, edged with 
yellowish in front and behind, across tho oandal fin) blaok spots sometimes 
present on the oaudal fin. 

This fish Is found in Lake Tiberias, Lake Horns, and the Orontes River. 
It is predatory in habit. It may attain a length of 1 meter. *The Sal lour, 
as it is called locally, has been one of the primary commercial species, 
being taken in large quantities, up to 700 tons per year, from the waters 
of the el Ohab. 

Genus SiluJUQ Linnaeus 

Body rather elongate, rounded anteriorly, compressed on the sides. 
Head naked, depressed. Three pairs. of barbels, one maxillary, two on the 
mandible. Nostrils well separated. Mouth large, terminal. Teeth in cards 
on tho Jaws and vomerj palatines not toothed. One dorsal fin, very short, 
without pungent spine. No adipose fin. Anal fin very long, united with 
oaudal. Peotoral armed with a strong spine, toothed. Pelvics behind the 
dorsal, and composed of 6 rays. Caudal rounded. Bye situated above level 
of the angle of the mouth. 

This genus is represented by two species in Syrian waters. 

Key to the Species of Sxlurus 

1 a. Maxillary barbel much longer than head j3. glanlB 

1 b. Maxillary barbel reaching end of head S. trlostegus 
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Silurus glania Linnaeus 

The height of the body 10 contained 6 1/2 to 7 1/2 times la the 
standard length, the head length 5 to 6 times* The eye diameter is contained 
10 - 13 times In the head length. The mouth Is a large slit, horizontal, 
and reaches behind nearly under the anterior edge of the eye. The maxillary 
barbel oonsiderably longer than head} the mandible barbels very short, 
especially the anteriors. The mandible is protruding* The lateral line 
approaches the baok closer than the belly and is straight. The dorsal, 
situated over the spaoe between the peotoral and the ventral, is 2 2/3 
times as near the snout than the origin of the caudal, Its longest ray Is 
about 1/4 the head length. The anal is nearly united with the caudal. 
The peotoral is rounded, and measures 1/2 to 3/5 the length of the head 
and does not attain the pelvic. The peotoral spine is indistinctly 
serrated. The pelvic is equally rounded, is 2/3 the pectoral, and passes 
the origin of the anal. The caudal is rounded. 

Colon Brown olive or greenish on the baok, grayish yellow on the 
aides* whitish on the belly. It frequently has marblings of brown, greenish, 
or darker gray on the sides, especially in large specimens. The fins are 
brownish. 

This fish is found .in the Euphrates River. It attains a length 
over 2 meters and a weight of over 150 kilograms. It is a predatory species* 
It Is a valuable food fish. It spawns in April, May or June. The eggs are 
quite small, reaching a diameter of 3 millimeters. 

i 
Silurus triostegus Heokel 

The lower jaw is prominent. The length of the head Is contained 
5 1/4 times in the total length. The maxillary barbels reaoh to the end, 
the mandlbular barbels to the middle of the head. Peotoral spine serrated. 
Anal and* caudal fins confluent. 

This fish was taken from Lake Ehatunlyeh, and generally follows the 
pattern of Silurus glanis. 
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Figure 93 Silurus glanis 



short dorsal 




barbel extends 
beyond head 



Figure 94. Silurue triostegus 




barbel not extending 
beyond head 
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Fully SISORIDAB 

Dorsal fin short, placed anteriorly on trunk in advance of the 
pslvlos) adipose well developed, moderate length} anal fin short* Gill 
membranes not confluent with skin of the isthmus, with posterior margin free. 
The anterior and posterior nostrils are olose together with a barbel between. 

This family is represented by one genus in Syrian waters. 

Genus Olypto thorax Blyth 

Adipose of moderate lengthf a short dorsal fin with a pungent spine 
and six soft rays} anal fin short* Barbels 8. Teeth on palate villiform, 
in two separate patches* The upper Jaw longer than the lower* Ejyes small, 
bslow the skin* Caudal fin forked} pelvic rays 6* Peot orals horizontal, 
with a thoraoio adhesive apparatus between, which is formed by longitudinal 
plaits of the skin* 

This genus is represented by one species in Syrian waters. 

Olypto thorax ecus (Linnaeus) 

Head rather broad, depressed, with the snout elongate and with the 
upper jaw projecting beyond lower* Ifcre very small* situated behind the 
middle of the length of the head, directed upwards. Numerous minute osseous 
striae on the upper surface of the head, extending back to dorsal origin, 
and also onto forward edge of the pectoral fin* Nostrils rounded, olose 
together, with a barbel between, which is one-fourth the head length} 
maxillary barbels broad at the base, as long as or slightly shorter than 
head) a small elliptical patch of teeth on each side of the palate* 
shorter than space between patches* Dorsal spine stout, non-serrated, as 
long as from tip of snout to back of eye} peotoral spine strong, with 
recurred spines along its inner edge, more than half as long as head* 
Adipose fin longer than dorsal. Dorsal rays I, 6; Anal rays 11, 8 
branched} pelvic rays 6, 5 branched* 
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Figure 95* Qlyptothoraz CPUS 



adipose origin 
well behind dorsal 



short nostril barbel 




mandibular barbel 
barely passes head 
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Colors Upper body and sides brownish, somewhat mottled with lighter 
yellowish, lower belly yellowish* Broad blaokish band on base, of oaudal fin, 
and along forward edge of pectoral; a faint blackish band on dorsal* Whitish 
osseous striae on head* 

This fish was collected from the Euphrates River* It is also reported 
from the Kueik River* but no specimens were taken in the collections made 
there. This fish was described in a book by Russell on the Natural History 
of Aleppo in 1756* Nothing is known of its life history. 



Provisional List of the Freshwater Pishes of Syria 

1* Family AHGUILLIDAE 

1* Genus Anguilla Shaw 

1* JU anguilla (Linnaeus) 

2* Family BAGBIDAE 

! Genus Mystus Soopoli 

1* H poluaiua (Solander) 

3* Family BLENNIDAE 

1* Oenus Blenniug Linnaeus 
1. IJ* vulgaris Pollini 

4* Family CICHLIDAE 

1* Oenus Eaplochromis Hilgendorf 

!* flavi~jo8ephi (Lortet) 
2. Qenus Tilapia A. Smith 

1* T. galilaea (Artedi) 

2 nilottoa (Linnaousj) 

3- ! gJlli (Oervais) 
3* Qenus Tristrainella Trewavas 

I' 9 2L* sacra (Ounther) 

2* simonis magdalenae (Lortet) 
simonis (Ounther) 
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Family COBITIDAE 

1 Oenua Cobitic Linnaeus 

1* C* ? 
2. taenia LinnaeuB 
2* Genus NemaohilxaB Basse! tine 

1. argyrogramma (Heokel) 

2. N. frenata (Heokel) 

3* V. galilaeus (Ounther) 

4 Insignis (Eeckel) 

5* 1L* panthera (Heokel) 

6 S- tigriB (Heokel) 

Family CYPRIMIDAE 
! Oenue Aoanthobraroa Heokel 
1. A. centipquaroa (Heokel) 
Tortonese 



3 A* roarmid Heokel 

4. A. terrae-sanotae Steinitz 
2 Genus Alburnus Heokel 

1. A. qaeruleus Heokel 

2 * A* oftPito Heokel 

3. JU moBsulensiB Heokel 

4* A 9 orontis Sauvage 

5* A Pallidus Heokel 

6 - oellal Heckel 



3 Oenue As pi us Aggasslz 
! A* yoya* 'leokel 

4 Oenua Barbus 3uvier 
^* S barbuluB Heokel 
2* oani;/ Cuvier and Valenciennes 
3 ohar;rei Sauvage 
(Heokel) 
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5 JL- ^ryyus Heokel 

6. ]B kersin Heokel 

7* JL lacerta Heokel 

8. JJ, long! COPS Cuvier and Valenciennes 

9* lorteti Sausage 

10. B,. luteus (Heokel) 

11 orontis Satnrage 

12. Bi pectoral ie Heokel 

13 rajanorram Heokel 

14 ]B B cine uo Heokel 
15* Bharpeyi Gunther 

16. B.. Bubquinouniatxis Qunther 

17 xanthopterufl (Heokel) 

5. Oenue Barilixia Han* Buchanan 
1. !B mesopotamicus Berg 

6. Genus Chondrostoma Agassi 2 

Heokel 

7. Genus Qyprinion Heokel 

1. JC. kaiB Heokel 

2. ^C. macroatomua (Heokel) 

8. Genus Cyprinus Linnaeus 
i* OftTPio Linnaeus 



Genus Qarra Ham. Buchanan 
! laata (Buchanan) 

2. Or* rufus (Heokel) 

3. variabiliB (Heokel) 
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10. Genus Leuciscuo Klein 

1 Ii oepbaluB orient all a (Nordmann) 

2. 1. lepidus (Heokel) 
3 lt sjpuxius (Heokel) 

11. Genus Phoxinellus Eeokel 
1. P. drug ens ie Pellegrin 
2 kervellei Pellegrin 

3. J? libani Lortet 

4* Z rutiloideg Tortoneee 
5. JP. gyriacua (Lortet) 
Heckel 



12. Genue Rutilus. Eafinesque 
1. B,. tricolor (Lortet) 

13 Genus Tylo/piathuB Hecfcel 

! Z* nanua Heokel 

14 Genus Yaricorhinus Ruppell 

1. V. barroiei (Lortet) 

2. V. damaecinuB (Cuvier and Valenciennes) 
3 i syriapa (Cuvier and Valenciennes) 

4 V. tjrutta (Heckel) 
5 i umb la Heckel 

7. Family CYPRINODONTIME 
1. Genus Aphanius Kardo 
! A* diepar (Ruppell) 
2. .A. roonto (Heokel) 
3- A QQPtxJ^e (Heckel) 
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8. F amlly OASTEROSTBIDAE 

I. Genus Gaatercsteus Linnaeus 

1, (* argyropomus Cuvier and Valenciennes 

9. Family MASTACEMBELIDAE 

! Genus Maataoembelus Gronovius 
! M,* mastacembelus Solander 

10. Family MUOILIDAB 

! Genus Lisa Jordan and Swain 
Heckel 

(Cuvier) 



3 i capito (Cuvier) 

4 ! labroaus (Risso) 

5 ! galiens (Cuvier and Valenciennes) 

2. Genus Mugil Linnaeus 

1. IH* oephalus Linnaeus 

11. Family POECILIIDAE 

! Genus Gambusia Pcey 

1. SL. affinia (Baird and Oirard) 

12. Family SILURIDAB 

! Genus Clarias Gronovius 

! . l^gera (Cuvier and Valenciennes) 
2. Genus Silurus Linnaeus 

1* S. glanis Linnaeus 

" i 

2. ,3. tri pst egos Heckel 

13. Family SISOEIDAE 

! Genus Glyptcthorax Blyth 
! 5- sous (Linnaeus) 

Families 13 
Genera 31 
Species 86 
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Chapter III 
The Freshwater Environment 



Now that we have studied the structure of a fish and how the species 
oan be identified, let us turn our attention to the plaoes where these fishes 
live* A knowledge of the plaoes where fish oan and do live Is essential if 
we are to do anything about getting more fish from these waters* 

Water is the most abundant liquid on earth* Upon it depends all 
life* Where water is plentiful, the forms of life are many, but as water 
becomes soaroer the living organisms become fewer and fewer, until in the 
total absence of water* life ceases. 

Water is called the universal solvent, because it dissolves more 
substances than any other liquid. When water first reaches the earth, usually 
as rain or snow, it is almost pure* It has dissolved only very small amounts 
of materials as it passed through the atmosphere* But once it reaches the 
earth, it immediately begins dissolving materials as it gathers to flow in 
streams and rivers into lakes end ooeans* 

The total water mass of the world makes up about 5/6 of our planet* 
The study of this mass is called Hydrography* Hydrography is further divided 
into two branches Oceanography, the study of the ooeans, and Limnology , 
the study of the inland waters* We shall confine our study here to the study 
of the Inland waters. 

Freshwaters may be divided into two major groups ~ Standing or 
Lentio waters, and. Sunning or Lotio waters. Standing waters may be called 
lakes | ponds, pools, marshes, swamps or bogs* Lakes are generally permanent 
bodies of water, occupying a definite basin, and have a barren, wave-swept 
shoreline. Lakes are formed in many ways, and are of a great many siaes and 
shapes* Many were formed by the aotion of ice sheets which covered the 
northern areas of the world in time past. As the huge ioesheets moved 
southwards, holes were dug into the ground, and when the ioe melted, deposits 
of stone and sand occurred and these formed ridges behind which lakes formed* 
In other plaoes, big chunks of Ioe were burled, and these melted leaving 
huge holes to fill up with water. 
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Lakes are caused In some mountain areas by landslides blocking off 
river beds, much as man today builds huge dams to create lake**. Others are 
formed by the dissolving of underground rook, such as limestone, and these 
holes fill up with water. Then the movements of the earth 9 s crust, as in 
earthquakes, has created many lakes. The Dead Sea and Lake Tanganyika are 
examples of this type. Sometimes after a volcano has died out, the crater 
it left becomes filled with water and we have a lake. Then along big 
rivers, such as along the Euphrates, lakes are created by the river making 
a new channel across a narrow neck of land, leaving the old bend as a lake, 
known as an oxbow. And sometimes along the shore of the oceans, the earth 
is piled up in a manner to cut off part of the sea to form a lagoon behind 
this wall. Sometimes these lagoons may become freshwater lagoons if it 
should happen to be in areas of heavy rainfall or happen where a freshwater 
stream may enter the lagoon. 

A pond varieo in size and shape also. Generally a pond is described 
as a small body of water of shallow depth with much emergent vegetation* The 
determination of when a pond is a pond and a lake a lake is often difficult. 
There are several definitions and classifications, but no common agreement 
at the present time. Thus what may be called a pond under one system may 
be called a lake under another and vice versa. 

A pool is usually considered to be a temporary body of water, a 
small area of water which goes dry each year. This type of pool is not to 
be confused with the pool designation for streams. 

Marsh, swamp, and bog are names applied in various places to the 
same type of wet area. This area is usually a low piece of ground which 
sometimes has standing water on it, but at other times may only have water 
in the soil itself, but remains very soft and wet and spongy. It is 
difficult to walk in because one sinks into the loose wet ground. A marsh, 
swamp, or bog is almost entirely covered with vegetation, only small areas 
remaining in open water, if at all. 

All lakes must be considered as temporary bodies of water because 
in time all will fill up with silt and dirt. Water entering the lakes, 
such as rivers, or Just rainwater flowing off the surrounding lands brings 
in soil and trash to commence the process of filling up. Then the winds 
blow sand and dirt into the lakes, and within the lake itself the process 
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of filling up takes place through erosion* Winds oause waves and the wares 
wash the shores or banks and oause them to erode and fall into the lake* 
Also the outlet river outs farther and farther down into the earth, thus 
draining more water from the lake. Within the lake, another process takes 
plaoe in the growing of animals and plants and their subsequent dying and 
decaying to form detritus whioh tends to fill up the basin, Eventually the 
lakes become ponds* The prooess of filling then becomes more rapid with 
more vegetation until the pond finally becomes a marsh. Then the prooess 
of filling becomes even more rapid, and the final result becomes dry land* 
Marshes are often deliberately drained to oreate new land for agriculture* 
A good example of this is the drainage of the el Ohab marsh, where the 
river was deepened to permit the water to run off, and extra drains were 
dug to remove excess standing water* 

Running or Lotio waters may also be divided into several types* 
The first and smallest is usually called a rivulet. After rain falls or 
snow melts , the drops of water gradually flow together until they form a 
small trickle of water, the rivulet. Several rivulets flow together to 
form a brook or creek, A brook is a swift flowing stream, and has little 
accumulation of silt or detritus on the bottom, A creek is a slow flowing 
stream and thereby has a muddy bottom. When several brooks or creeks join 
together, a river is formed. The exact division between creeks or brocks 
and a river is difficult to specify, since from the tiniest rivulet to the 
largest flowing river one can find every intermediate gradation. However, 
not all brooks, creeks or rivers follow this pattern. Some creeks, brocks 
and rivers are formed from springs, or as outlets from lakes and ponds* 

There are three main phases in the study of inland waters 1* the 
study of the physical characteristics; 2, the study of the chemical 
characteristics; and 3. the study of the biological characteristics. 
Actually, it is very difficult to separate these three phases sinoe they are 
so greatly interwoven* Many chemical properties are dependent upon the 
physical conditions and vice versa, and the biological conditions are 
dependent upon both and influence both* The physical factors are determined 
by the materials held in suspension, or in solution in the water, by its 
depth, temperature, movement, illumination^ shore and bottom types* The 
chemical factors are found in acidity or alkalinity of the water, and in the 
gases, salts and other material in it* The biological productivity of the 
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water depends upon both the physical and ohemioal characteristics, as well 
as on the biology of the organisms inhabiting the water. 

Let us start first with some of the physical characteristics of the 
water* Pure water is a colorless liquid, yet when we look at water we see 
many shades of color. This is due to two factors. One is true oolor and is 
due to substances dissolved in the water. For example, water from a marsh 
may be brown due to material dissolved in it. Even on straining through the 
finest filters, the oolor is still brown. Other colors in the water may be 
apparent dolor. Blue water of lakes is due to the reflection of the sky. 
Other waters may be reddish due to the carrying of fine particles of red clay 
or silt. This red oolor disappears upon filtering because the red olay 
particles were in suspension In the water and not dissolved In it. Sometimes 
plankton becomes so abundant that it may give oolor to the water. Color of 
water may have a major role in production by hindering light penetration. 

Turbidity also has an influence on biological productivity and is 
oaused by materials in suspension in the water, such as the particles of 
red olay Just mentioned as giving oolor to the water. Other things, too, 
oan cause turbidity besides inorganic soil particles. Small plants and 
animals growing in the water oan also affeot the turbidity. At times 
certain plants and animals become so abundant that they stop almost all of 
the light from penetrating the water, as well as give an apparent color to 
it. In determining turbidity several instruments may be used. One of the 
most oc mm on is the Secohi disk, a metal plate about 20 centimeters in 
diameter and painted black and white in alternate quarters. This disk is 
lowered horizontally on a rope into the lake and the depth at which it dis- 
appears is recorded. Then the disk is slowly raised until it reappears in 
sight and this depth is recorded. The average of these two readings is 
taken as the depth of light penetration. Generally these measurements are 
taken in midday light. Light does penetrate deeper than Is recorded by 
this method, and the amount of light is determined very accurately by use 
of photoelectric cells or photographic plates. The amount of light pene- 
trating the water influences the amount of vegetation growing in the lake 
or stream * 
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Water is mobile. It has no definite shape and thus flows into and 
conforms to all contours. It does hare internal friotion as veil as 
friction against the bottom and sides of the lake or stream* When water 
becomes oool it becomes less fluid and as it warms it becomes more mobile. 
This stiffening has an influenoe on plants and animals and their movements. 

Water is 773 times denser than air and its buoyancy is greater also. 
Most animals living in the water have a density nearly that of the water t 
which permits them to swim or float very easily. 

Pressure of water increases with depth. At the bottom of the deep 
lakes this pressure is very great f and organisms living in the great depths 
must make proper adjustments to this pressure by changes in form or by 
special adaptations. 

Depth has an influenoe on the circulation of water in lakes and on 
the flowing of water in streams , and the amount of materials carried by 
the streams. 

Current has a major role as a physical factor. In lakes, there are 
several currents. One is the vertical current due to heating and cooling of 
the water. Another current in lakes is horizontal and is due to winds or 
tides. In very shallow lakes this usually involves the whole basin, but in 
deep lakes may involve only a surface layer. Returning currents are called 
undertows. 

In streams, currents are generally horizontal and depend upon the 
shape and slope of the river bed a steep slope, a swift current. The 
type of bottom also has an influenoe on the flow.. A smooth, hard bottom 
permits an increase in current, while a rough, or soft bottom will tend to 
slow the current. The current determines the amount of material carried in 
the stream. A fast current can carry many particles along, while a slow 
current cannot. Thus we find deltas and the filling in of pools where 
currents slow down. First the large parti oles are dropped, then smaller 
and smaller ones. 

The type of bottom in lakes and streams has an Influenoe on the 
production of organisms. A very easily moved bottom of soft mud does not 
permit the growth of many food organisms because it continually moves and 
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covers them. Similarly on sandy, waveswept beaches, the food organisms art 
scarce because of the continuous movement of shifting sands. 

Temperature is another physical factor which has a great influence on 
the chemical and biological conditions of a body of water. Water is a peculiar 
fluid which reaches its maximum density at a temperature of 4 Celsius. At 
temperatures above and below this, the density becomes less. This is very 
important especially in cold regions where freezing temperatures occur for 
periods of time each year. If water continued to increase in density as it 
became colder, ioe would form at the bottom of lakes and in many regions ice 
would remain at the bottom all year round, or as is found in arctic regions 
now where the water freezes tc the bottom each winter, only a thin layer of 
water appears on the surface of the ioe eaoh year during the summer, and no 
fish life is possible* However, since it does become lighter, ioe melts eaoh 
year in all except the coldest ioe cap areas. 

This effect of water becoming lighter on warming or cooling above and 
below 4 C. causes a circulation of water in lakes. Water in lakes is heated 
from the surface and only by convection currents does the lower water become 
heated. In shallow lakes wind action causes circulation and shallow lakes are 
usually quite uniform in temperature. But in deep lakes, 10 meters or more, a 
layering takes place. There are three zones formed by this layering: the 
Epilimnion or surface zone of more or less uniform temperature; the Thermo- 
oline, a zone in which the temperature drops suddenly and at least 1 C. per 
meter increase in depth; and the bottom layer or Hypolimnion in which the 
temperature is again more nearly uniform, with changes of less than 1 C. per 
meter increase in depth. Since none of the Syrian lakes are in this deep 
category, we will not need to discuss this situation further. 

Temperature does affect the chemical content in that the hotter the 
temperature, the more of some chemicals it can dissolve, and the less oxygen 
it will contain. Just at freezing the water holds the most oxygen or 14.62 
parts per million, while at 20 C, the water holds only 9*17 parts per million* 

Sinde most of the freshwater animals are cold-blooded, the temperature 
has a great effect on their movement* The colder the water the less activity f 
although excessively high temperatures will also reduce their activity* With 



the normal temperature limits, the cold-blooded animals double their met*- 
bolio rate for eaoh 10 C. rise in temperature* 

The chemical characteristics of the water involve the gases dissolved 
in it f the inorganic salts, the acidity or alkalinity and the organio matter. 
All life in the water depends on the substances in solution or suspension 
for existence. All gases in the air dissolve in water in regular propor- 
tions and of these oxygen and carbon dioxide are the most important. The 
animals use the oxygen and give off oarbon dioxide, while the plants during 
daylight hours use the oarbon dioxide and manufacture carbohydrates giving 
off oxygen as a by-produot. During the hours of darkness, the plants also 
use the oxygen dissolved in the water to maintain life. In some ponds where 
there is an excess of plant life during the hours of darkness, it frequently 
happens that all tne oxygen may be used up and many of the animals and 
plants die from lack of oxygen. 

Thus in addition to dissolving oxygen and carbon dioxide from the 
air, we see that these gases may be manufactured within the lake by the 
plants and animals. Carbon dioxide may also be derived from the decomposi- 
tion of plant and animal material in the water and bottom soils. 

Nitrogen for plant use comes from the nitrates formed in the water. 
Oreen plants use it to form proteins. These nitrates are usually formed by 
bacteria in the decomposition of organic matter following the nitrogen cycle. 

Carbonates are formed in the water with the carbon dioxide forming 
combinations with sodium, calcium, potassium, and magnesium. Plants can use 
some of these carbonate salts to supply needed oarbon dioxide for photo- 
synthesis should free oarbon dioxide be unavailable. Sometimes these 
carbonate salts can be seen in accumulation on plants. They also form 
shells of snails and clams, and may even be deposited so heavily as to form 
a particular type of bottom soil called marl. 

Sulfates, phosphates, chlorides, etc. are also present uniting with 
the sodium, potassium, calcium, magnesium, etc. to form various salts. Some 
of these Aalts may be so abundant as to be harmful to plant and animal life* 

Methane, hydrogen sulfide, ammonia, and other gases may be present 
at times and places, but again need not be discussed here. 
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Aoiditjr and alkalinity are Important ohoraioal factors. These items 
are measured by the oonoentration of the hydrogen! ons in the water and are 
expressed as pH. A pH of 7 is neutral* Figures less than 7 are representa- 
tive of the aoid side and those above 7 are on the alkaline side* For most 
abundant life in the watera, a slightly alkaline condition is best* Conditions 
of excessive aoidity or alkalinity result in loss of life* This is general- 
ly true of all chemical compounds and elements in the water. Excess oxygen, 
for example 9 will kill fish just as too much salt or aoid will* 

The biological characteristics are of two major kinds t 1. those 
factors whioh aot from within the animal itself, such as structure, function, 
toleration, nutrition, growth, reproduction, respiration, excretion and 
behavior; and 2* those factors whioh aot from without, such as the 
relationship between plants and other animals, competition, predation, and 
pollution* These biological characteristics will be discussed in detail in 
the following chapters. 
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Chapter IV 
Reproduction and Early Development 



A knowledge of the reproductive habits of fishes Is essential to 
the fishery biologist and fish oulturist if they are to make any progress 
in their activities. It is important to know how many eggs an adult 
female of a particular species can lay at one time if one is holding a 
stock of fish for breeding purposes in a hatchery. The fish oulturist 
must know how many females to keep in order to have an adequate supply of 
young for the ponds. It is also important to know when the fish spawn in 
the wild as well as where they spawn so that they may be protected if need 
be to insure future supplies. The age or size at which the fish becomes 
mature is also of great consequence in maintaining an adequate population. 

The spawning of fishes is almost as varied as there are kinds of 
fish. Spawning varies according to individuals, apeoies, climate, elevation, 
latitude, and ba thyme trio distribution. Some fishes spawn in the spring or 
summer, others spawn in the fall or winter. Those spawning in the spring 
or summer appear to be influenced by the rising temperature of the water 
and the inoreaaing amount of light. Those spawning in the fall or winter 
respond to the opposite effects. It is not known whether light or temperature 
plays the bigger role, but both are Important factors. Some tropical species 
spawn at intervals throughout the whole year without influence from light or 
temperature. Some spawn when a few weeks old, while other species may require 
many years to reach maturity. 

Basically there are two major systems of reproduction in fishes * 
1. Live-bearing or Viviparous, antd 2. Egg-laying or Oviparous. Pishes 
having the livebearing form of reproduction are represented in Syria 
tyr *h* Qambusia which were introduced to control malaria. We will briefly 
review this form of reproduction before proceeding to the common form. 

Livebearing is divided into two types also. The first is the more 
common and is the internal development without nourishment from the mother. 
The yolk of the egg supplies all the food -for the development of the young 
fry. Fertilization is internal and the young are born alive, ready to take 
care of themselves. The second type of livebearing is found only in a few. 
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primitive sharks and is vary similar to development in higher vertebrates 
in that the embryo reoeives nourishment from the mother through a placenta- 
like organ t 

Egg-laying or Oviparous system of reproduotion is found in the vast 
majority of fish speoies. All but one type of fishes found in Syria belong 
to this system* The eggs are deposited into the water by the female and are 
fertilised by the male in the water outside the body of the female. There 
may be just one male per female , or there may be a group of males for eaoh 
female | or there may be a community of males and females oooupying a spawning 
area all shedding their sex products at the same time. The spawning position 
of fishes varies tremendously also. They may spawn belly down, belly up, or 
on one side or the crther. Spawning may take place in the bottom, on the 
bottom, or anywhere from the bottom to the surface* It may occur on mud, 
sand, gravel or rubble bottoms, in weeds or in specially prepared nests. 
Fishes exhibit all degrees of parental oare. The amount of parental oare is 
inversely proportional to the number of eggs laid, the larger the number of 
eggs laid the less oare. In general parental oare is better developed in 
freshwater fishes than in the marine speoies. There are several general 
groupings that may be made in the oare given by the parents to their eggs 
and young. 

In one group we can put those parents who do nothing to aid the 
survival of their young, but just scatter their eggs while spawning. Some 
of these scattered eggs are floating eg^s which contain oil droplets for 
buoyancy. These are found only in the marine species such as the ocd and 
eel. No freshwater species is known to have floating eggs. Other fish in 
this group have eggs which sink to the bottom and lodge among the stones or 
sand, as in some Bar bug , Others have eggs which are sticky and they adhere 
to plants, debris, or stones, and are not easily dislodged. 

In the second group the eggs are scattered, or laid individually, 
but some provision is made for protection although there is no parental 
oare after laying. In this group we find fish, like the yellow perch, 
that lay their eggs in long gelatinous strings , winding the string amongst 
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the aquatic vegetation or other debris, like fallen trees. Alao in thie 
group are found fish with egge that have coverings whioh may be stalk -like f 
or may be in capsules which are fastened to vegetation or float loosely, as 
found in some sharks. Other fish, such as the smelt and flying fish, have 
eggs with a membrane which ruptures upon entering the water and this membrane 
becomes an organ by whioh the egg adheres to vegetation or stones* Some rays 
bury their eggs in capsules in the sand of the ocean bottom* 

A third group of fishes is the one in whioh fish lay eggs in masses 
of jelly, but not in constructed nests. Generally in this group the eggs 
are guarded after they are laid and usually it is the male that does the 
guarding. An example of this type is found in a marine fish called the 
lump sucker, whose eggs are laid in rook crevices above low water level of 
the spring tides* From 80,000 to 136,000 eggs are laid in one Jelly sfass, 
The eggs are exposed by the very low spring tide, but the male remains on 
guard, remaining with the eggs even though it may oost him his life* The 
eggs and male fish are subject to severe predation by gulls and other sea 
birds as well as by other animals that may frequent the beaches. If the eggs 
should be washed high up on the beaoh during a storm, the male will wander 
about on the beaoh searching for the lost eggs* 

Another group of fishes in the classification of parental oare are 
those fishes who construct nests in the bottom soils for the deposition of 
eggs* In this group are found the trout, who construct redds in the bottom 
gravels. The female digs with her body a depression or groove in the bottom 
gravel and after spawning covers the eggs with gravel again. Other fish like 
the log peroh will burrow into the bottom and deposit their eggs and then the 
bottom materials settle back into, the depression as the body is withdrawn* 
Some of the basses and other fish make cup-shaped or saucer-shaped depressions 
in the bottom by pushing the bottom soils aside with their tails. The eggs 
are laid in the depression and the male remains on guard to protect the eggs 
and fry* Some catfish will burrow into the mud or detritus bottom and make 
a hollow or burrow into the banks of the stream and make a nest, and then 
remain on guard to protect them and the young fry after hatching* 
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The fifth group of fishes are those like some minnows and cottids 
which lay their eggs under objects or on objects in the water. Some lay 
their eggs under boards, tile or flat stones. Some may lay their eggs in 
oracks between pilings supporting docks or dams. The male usually stays 
nearby to drive off other fish or animals which would prey upon their eggs 
or young* 

Another group are those who construct elaborate nests of vegetation* 
In Syria, the little stickleback, Gasterosteus, will build such a nest. 
Mucous secretion from the body is used to stick pieces of vegetation 
together to form a nest much like a birdfs nest. Spawning takes place 
within the nest and the male guards the entrance. 

A seventh grouping in parental care includes mainly tropical fish 
who build their nests of bubbles. The Tr i ch oga s t e r of Indonesia builds such 
a nest by blowing bubbles of a mucous secretion around the eggs and making 
a collection of bubbles among the floating vegetation of the surface* The 
eggs are lighter than water and the male turns the female belly up as they 
spawn. He picks the eggs one at a time up in his mouth and makes the bubble 
and puts it in the nest. 

The eighth group contains a variety of fish with special adaptations 
for care of eggs by the parents. First among this group we have some of the 
Tilapia and Tristramolla of Syria. The eggs are picked up by the mother and 
carried around in her mouth until they hatch, and after hatching when danger 
approaches, the fry seek shelter once again in the mother's mouth. Another 
peculiar development is the pouch of the sea horse. A pouch is developed on 
the abdomen of the male and the eggs after spawning and fertilization are 
placed in -this pouch for development. 

Another especially odd adaptation is in the Indo-Pacifio genus Kurtis t 
where the male develops a bony hook on his forehead and the eggs are laid in 
two masses connected by a gelatinous string. The string is hooked over the 
bony hock on the male f s head and he carries the eggs around with the two 
masses of eggs hanging on each side of his head. 

A species of South American catfish develops a very soft spongy pad 
on the belly. When the eggs are laid the female presses down upon them and 
they are imbedded into this spongy pad and are carried about until they hatch. 
Policing hatching, the pad disappears and the belly skin returns to a normal 
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There are many, many more odd types, but space does not allow u0 to 
continue describing them. The last group of special adaptation is to be 
found in some species like the European bitterling, a small minnow* It 
deposits its eggs in clams. The female has a long ovipositor which is 
inserted into the valves of the olam and the eggs are laid* The circulation 
of the water by the olam aerates the eggs and they are completely protected 
by the olam shell from any predation. This, however , is not the complete 
story* It is a case of mutual assistance, for at the same time the fish is 
laying its eggs, the clam is shedding its young, known as glochidia, and 
these glochidia must be attached to a fish to develop. They are parasitic 
during their early stage of development* Thus with the fish coming to lay 
eggs in the clam, the olam is assured a place for its young to attach them- 
selves to develop. 

The size of eggs varies as does the number of eggs with each species, 
and with the size of the individual as well. Eggs vary in size from about 
one-half millimeter in diameter to as large as 125 millimeters. In numbers 
the counts have been determined from as few as 10 eggs to over 130 million. 
In a later chapter on Field and Laboratory Techniques, the methods for 
determining the number of eggs per female are described. 

Generally it is characteristic of fishes that the two sexes are 
separate, but there are a few species that are hermaphroditic, and it is 
also reported that some of these hermaphroditic forms are even self fertilis- 
ing. It is very difficult to tell the sex of fish in the very young stages 
without dissection. However, even after the fish reaches sexual maturity 
it is difficult to distinguish the sexes. In those species where separation 

is possible, the males are generally the brighter colored. Usually during 

* 
the breeding season it is easier to distinguish between the sexes than at 

other times, for in addition to the brighter colors of the male, some species 
develop secondary sex characteristics, such as pearl organs, which are horny 
projections which appear particularly on the head and pectoral fin areas. 

Sexual maturity is attained by various species at various ages. Even 
within the same species there will be, variations from lake to lake and region 
to region, depending upon many factors. Chief among the factors affecting 
sexual maturity are food, light, temperature, age and size. When fish have 
adequate, proper food their health condition is good and growth and 
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development 10 rapid* Therefore, they oan attain sexual maturity a year or 
more before other fish of the same species in poorer conditions. Temperature 
also plays a part* Tropioal fish develop rapidly and some fish may attain 
sexual maturity in 6 weeks after birth. Other fish living in oold waters may 
take as much as 20 years to attain maturity* Light conditions oan also be 
an influence on maturity, especially in artificial hatchery conditions* 
Regulation of light can increase or decrease the rate of maturing* Generally, 
however, most species follow a pattern that is quite uniform* Some species 
take so many months or years to mature and in only exceptional conditions 
does the individual vary from this pattern. Thus we have fall spawners, 
winter spawnera, etc* The knowledge of when sexual maturity occurs is 
important in several respects. For example, if a fish usually does not at- 
tain maturity until it reaches a length of 30 centimeters and fishermen 
are permitted to take the fish at lengths of 15 centimeters or less, a 
serious overfishing could threaten the very existence of the species. In 
selecting species for rearing in artificial conditions, it is important to 
know how long the fish would have to be held before they would spawn* Those 
species having a long period forreaching maturity would hardly be eoonomioal 
to raise. Similarly, those that reach maturity in a very short time also 
present the fish oulturist with a big problem. This latter type is shown 
by some species of Tilapla and people must be accustomed to eating very 

A 

small fish if this species is raised. 

As fish reach maturity changes occur in the ovaries and testes* In 
Chapter I, we described the structure of the ovaries and testes. In the in- 
mature organs the unspeoialized cells of the male are called sperraatogonia, 
while the female cells are called oogonia. These unspeoialized cells 
reproduce by mitosis or noimal cell division. As the time of maturity and 
reproduction approaches, the spermatogonia and oogonia undergo a series of 
changes called spermatoger asis or oogenesis. These changes consist of two 
rapid oell divisions in wVJLoh the number of chromosomes in the divided cells 
is reduced by half. The so divisions differ from the normal mitosis in that 
the chromosomes which im art the hereditary characteristics to the progeny 
are reduced, while in normal mitosis the number of chromosomes remains the 
same in each divided c<"!. as in the original. 
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In spermatogenesis these cell divisions produce four functional oell* 
called spermatids, which by a transformation in shape become the spermatozoa. 
The spermatozoa (Pig, ?6a) or sperm, as it is generally called, consists cf 
a head piece and a whip-like tail. The chromosomes are located in the head 
and the tail is used for locomotion* 

In oogenesis the same divisions take place, but only one functional 
oell is produced, in place of the four cells as in the male. After the final 
division the mature ova or egg does not change in shape as did the spermatozoa. 

The mature egg (Pig. 96a ) before it comes in contact with the water 
is enclosed in a heavy outer shell or ohorion, and an inner shell, the 
vltelline membrane. A micropyle or opening through the ohorion is present 
for the passage of the sperm. Within these shells are the components of 
the oell proper. The nucleus containing the chromosomes is located beneath 
the vitelline membrane and opposite the mioropyle. The cytoplasm, or living 
material of the oell, minus the nucleus is collected in a band around the 
outside of the oell just beneath the vitelline membrane. Within this band 
is collected the non-living part of the oell or food material, the yolk and 
oil droplets. 

When spawning occurs the eggs and sperm are discharged into the water 
and immediately changes ooour. The egg contracts slightly causing a colloidal 
substance to form between the ohorion and the vitelline membranes. This 
colloidal substance takes up water until the egg is turgid. The perivitelline 
space (Pig. 96b ) is formed in the process. As the perivitelline space is 
formed the egg within the vitelline membrane is free to rotate and the 
nucleus assumes a dorsal position on the surface of the egg. As a result 
of this movement the nucleus is 4 no longer opposite the micropyle. During 
the water absorption process the cytoplasm also migrates from its position 
around the egg to a new position surrounding the nucleus at the top of the 
egg, forming a germinal disk. The process just described takes place whether 
the egg is fertilized or not. 

Fertilization, the uniting of the egg and sperm, must take place 


before the water hardening process is very far advanced, because as soon as 

sufficient water is absorbed the nucleus starts to migrate, through rotation, 
away from the micropyle. One or more sperm may enter the micropyle, but only 
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Figure 96. Fish embryology 
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one fertilizes the nucleus The head of the sperm containing its chromosomes 
unites with the nucleus and the tail piece falls away. 

It is believed that the process of water hardening aids in fertilisa- 
tion by attracting sperm to the mioropyle of the egg and into it as the 
water enters Sperm are dormant in the testes t but upon entering the water 
they become very active, the tail piece whipping about driving the sperm 
forward. Sperm live up to five or more minutes after entering the water, 
but the first 30 seconds are the most active and the most effective 
fertilisation occurs in that period. 

Much of the detail of fish embryology remains to be described. 
However, the embryology of the salmon has been quite well worked out and 
will serve here as a basis for general fish embryology. Most species will 
follow this general pattern of the salmon, differing mainly in some of the 
parts and shape and time required for developing. 

Shortly after fertilization the egg begins to divide. The division 
by which the single cell is converted into many cells is called cleavage. 
Cleavage (Fig. 96o) follows an orderly process, with one cell dividing into 
two, the two into four, and so on until the 128 cell stage is reaohed. 
Beyond the 128 cell stage, the cleavage is irregular and all cells do not 
divide simultaneously. During the early stages of cleavage the cells 
become smaller and more numerous with only a very small amount of total 
growth. 

While cleavage is taking place, important changes occur internally. 
At the eight cell stage the central cells become separated from the yolk. 
This separation forms a hollow or cavity called the blastocoele and the 
hollow is filled with fluid. As the cells continue to divide, forming a 
multi celled layer, this cavity enlarges. At about the 128 cell stage, the 
embryo is called a blastula and is said to have reaohed the blastula stage 
of development. The germinal disk, which now contains numerous small cells, 
is called the blastoderm (Fig. 96d ). During the blastula stage the size 
of the cells continues to be reduced and the division irregular. In the 
beginning of this blastula stage the blastoderm is high like the original 
germinal disk, but gradually it begins to flatten out and sink into the 
yplk. In the late stages of the blastula, the blastoderm begins to expand, 
but it still remains closely adhered to the yolk. 
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Figure 96. Fish embryology 
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As the blastoderm expands the oells at the edge become free from 
the yolk and begin to torn under or invaginate rather than to slide over 
the yolk. The in vagina t ion of the oells Is the beginning of the gastrula 
stage of development* At the point of turning under or inragi nation the 
blastoderm is thickened and this thickened area is called the embryonic 
shield (Fig 96e). The invaginated tissue is called the primitive entoderm 
and from this is derived most of the internal organs of the fish. 

As the blastoderm continues to enlarge and move down over the yolk 
a darkened ring is formed at Its periphery which is known as the germ ring 
(Fig. 96f). The progress of the blastoderm over the yolk is uniform until 
the top half of the egg is covered. After the germ ring has passed the 
equator of the egg, the development of another structure in the blastoderm, 
the neural keel, is apparent* The neural keel is foamed by a thickening of 
the oells in the center of the long axis of the embryonic shield, and will 
form the central nervous system and part of the eyes. 

The germ ring as it passes the equator no longer moves uniformly 
over the yolk, but remains in a fixed position in relation to the embryonic 
shield. The germ ring closes in the shape of a continuously diminishing 
loop which eventually disappears. The area contained within the loop of the 
germ ring Is known as the blastopore (Fig. 96g). 

Only that part of the blastoderm which is adjacent to the embryonic 
shield will form the embryo. The function of the germ ring is the creation 
of the yolk sac which persists until the yolk material is completely absorbed 

by the growing fish. 

* 
The ectoderm is the only tissue present up to the gastrula stage. 

This ectoderm or outer layer of oells forms the skin and nervous system of 
the fish. The neural keel, which was mentioned earlier, is formed from the 
eotodermal layer through thickening of the oell layers and develops Into 
the nervous system and part of the eyes* 

When the embryo enters the gastrula stage, the oells of the blastoderm 
invaglnate and this in vagina t ion forms the second layer of tissue called the 
endoderm. This endodermal layer develops under the embryonic shield into 
three separate parts. Directly down the oenter axis of the embryo the 
chorda (Pig. 9$h) or primitive backbone is formed. Under this chorda the 



secondary endoderm develop* into the digestive traot and its part*, including 
the air bladder and thyroid gland. 

At the sides of the ohorda the primitive endodern beoomes the mesoderm 
or third layer of tissue which gives rise to the muscles, skeleton, blood 
and all parts of the blood system, connective tissue , reproductive system 
and part of the skin* 

Thus all parts of the body are derived from the three primary germ 
layers, the ectoderm, entoderm and mesoderm* The ectoderm gives rise to 
the central nervous system through the neural keel* The neural keel develops 
into the brain at the anterior end and the spinal cord posteriorly As the 
embryo develops , after hatching, the brain is surrounded by the skull and 
the spinal cord by the spinal column, both the skull and column being 
derived from the mesoderou 

The principal sense organs are derived also from the ectoderm, either 
as outgrowths of the oentral nervous system, or as ingrowths from the 
epidermis The eyes develop as outgrowths from the forepart of the brain* 
The eye lens are created by invaginaticn of the epidermal layer* Both 
the ears and the nose are derived from the epidermal layer. 

The digestive system is derived from the entoderm. The lining of 
the mouth is created by i n vagina t ion of the epidermal layer of the ectoderm* 
The pharynx, including the gills, is derived from the entoderm* The liver, 
pancreas, stomach, intestine, air bladder and the majority of the endocrine 
glands are all entodermal in origin* but usually are combined with some 
meaodermal tissue, which forms the peritoneum, muscles and mesenteries of 
the digestive tract* 

At about the time the blastopore closes (Fig. 96i),the muscles of 
the fish are starting to develop. The mesoderm divides into segments 
called somites, first in the mid-region of the body and later in the 
caudal region. The somites later develop into striated muscles of the 
axial skeleton (the myomere). and those of the append! cular and visceral 
systems. The embryo is capable of movement for a considerable period of 
time prior to hatching* 
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The kidneys are derived from the mesoderm as 10 the circulatory 
system. Cells called aesen chyme cells migrate out of the meeoderm onto 
the yolk and form blood island*. These blood islands form both the blood 
and blood vessels on the surface of the yolk. At the sane time that the 
blood vessels are forming, the heart develops as an open tube in the region 
of the pharynx. The heart begins to pulsate before it is connected to any 
blood vessel and before blood is actually formed. The dorsal aorta located 
Just beneath the notoohord is the first blood vessel formed . Continuous 
with the dorsal aorta is a small vitelline vessel which leads from the 
Junction of the tail with the yolk sao around the yolk to the anterior end 
of the embryo* This is the path of the first circulation of the blood* As 
the organs develop, the circulatory system develops simultaneously. As the 
kidney, spleen, thymus and lymph nodes are formed, they assume the blood 
making functions of the mesenohyme cells of the blood Islands. 

All the blood in the fish embryo passes through the yolk sao 
circulation before it goes to the heart. In the embryo the heart (Fig* 96j) 
is not contained in the body, but is located anterior to the head. As the 
yolk material is absorbed the vessels entering the heart come to be first 
ventral and then posterior to their original position. By the time the fish 
is ready to hatch, the heart has migrated from its position anterior to the 
head to a posterior position and ventral to the head. 

The process of hatching is correlated with the development of glands 
in the mouth of the embryo which secrete an enzyme for the digestion of the 
ohorion of the egg* The weakening of the egg shell by this enzyme plus the 
vigorous movement of the embryo causes the shell to rupture and the fry to 
hatch. 

The period of development between hatching and when the fish begins 
to feed is called the fry stage. Changes continue to take place during the 
fry stage. In the egg the embryo was covered by an ectodermal layer. During 
the fry stage the mesoderm underlying the epidermal layer begins the develop- 
ment of scales. By the end of the fry stage, the rudimentary scales are 
formed in pockets in the dermis or m*sodennal layer of the akin* 
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Figure 96. Fish tmbryology 
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Daring the later part of the egg stage and early part of the fry stage f 
the embryo hae a very print tire kidney called the pronephros. Daring the fry 
stage the pronephros disappears and is replaced by the mesenephros* irhioh is 
the functional kidney of the nature fish. 

In the fry stage the brain is surrounded by the akull and the spinal 
chord is surrounded by the spinal column. 

The migration of the heart continues and as the yolk is absorbed it 
approaches the normal position (Fig. 96 k f l) and when the fish begins active 
feeding the final withdrawal of the heart into the perioardial chamber or 
cavity is completed. 

Hie primitive fins of the embryo consists of a fin fold (Pig* 96 k ) 
which extends as a continuous fin along the mid-dorsal surface of the body 
starting just posterior to the head and continuing to the tail. The fin fold 
is also present on the midventral surface from the yolk sac to the tail. It 
is from this primitive fold that the median fins are formed* Prior to 
hatching the regions of the dorsal, anal and caudal fins are enlarged , but 
the fin fold persists between the fins. The pectoral and pelvic fins appear 
first as fin buds or small projections. During the fry stage (Fig. 96 l) the 
median and paired fins are fully developed and the fin fold is absorbed. 
When the yolk sac is almost entirely absorbed the fry (Pig* 96 m) begins to 
feed and its free life begins* 



PB/T0 



Chapter V 
The Growth of Fishes 

A fish is different from most other vertebrates in that it continues 
to grow its entire life instead of reaching a full grown stage where growth 
stops as it does, for example, in man* There is a maximum size attained by 
eaoh species* One does not find a specimen of Barbus oanis growing to a 
length of 50 oentimeters, although specimens of Barbus esooinus attain a 
length of 200 oentimeters* Not all specimens of Barbus esocinus grow to 
200 oentimeters either , but it is a possible length to attain* 

There are many faotors whioh have an influence on growth* Some of 
these faotors can be controlled by fishery biology and cultural practices , 
while others are not controllable* There are two major sets of these 
factors* The first is the internal group of faotors acting within the fish 
itself* The second group includes the external or environmental factors* 

The internal factors are the most difficult to do anything about, 
although it is possible to bring about changes in some of them* These 
internal faotors include heredity, sex, sexual maturity, age, parasites, 
and disease* Heredity plays its role through the genes controlling growth* 
In hatcheries it is possible to select the best growing specimens for brood 
stock, and thus improve the growth rate of the species* In nature* however, 
heredity is a factor over which no control can be exercised* 

Sex is a factor over whioh no control is possible* In some speoies 
the females grow to a larger size and weight than the males, while in other 
species the reverse is true, and still in other speoies there is no dif- 
ference in the growth of the sexes* 

The attainment of sexual maturity appears to have an influence on 
growth in that once sexual maturity is reached the rate of growth of the 
fish slows down* It appears that considerable amounts of the nourishment 
from the ood taken into the body goes into the development of the sex 
products and therefore ;here is less food for growth of the body* Spawning 
itself may slow down growth, since in addition to the food required to 
develop the eggs and syjrm, many species do not feed while they are nest 
building and guarding '-he eggs and fry* Then following this period the fish 
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must rebuild the body tissues which were drawn upon during the period of 
fasting, thus prolonging the period of using food for other purposes than 
growth. 

Age also influences growth. The most rapid period of growth is the 
first three to five years of life. In old fish, even though growth continues, 
it is a very small amount since it appears that increased size also makes it 
necessary for the fish to take more and more of the food for maintaining 
itself and in moving itself through the water, and therefore there is less 
extra nourishment for growth. For some as yet unexplained reason, it appears 
that the oldest fish are also the slower growing fish. 

Disease and parasites influence growth in that they may be a deter- 
rent te growth through infecting the digestive system or other vital organs , 
reducing their efficiency and thus providing less of the food essentials for 
proper growth. However, it has been found in some few instances that a 
slight Infestation of oertain kinds of parasites has apparently contributed 
to the increase in growth, since fish with a few parasites were of a larger 
size than fish of the same age with no parasites or with a great many 
parasites. A few parasites apparently stimulated the fish in some way to 
take on more food and thus had extra food for additional growth It is 
preferable, of course 9 to have parasite-free fish, and every effort should 
be made to keep the fish parasite-free, sinoe one cannot control the numbers 
of parasites to give the stimulation for extra growth, and usually you end 
up with fish that are very poor due to the infestations and the death loss 
as a result is very great. Fish that are free from parasites generally are 
the better growers in the long run. 

As was mentioned earlier these internal factors are difficult to 
regulate or control, but in hatcheries and rearing ponds the fish oulturist 
has some chance to oontrol them, if he takes the proper time and precautions. 

The external factors which affeot the rate of growth of the fish 
inolude just about every environmental factor th<)re is. Temperature and 
food are probably the most important factors. It is Impossible to tell 
whether food or temperature is the m6re important. In temperate regions 
when the water temperature drops below 10C., tha fishes belonging to the 
warm-water group oease to feed or take on just caough food to maintain body 
processes. Thus even if there is an abundance c.' food the fish fails to 
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grow On the other hand, if the temperature of the water Is the optimum 
temperature for growth and there is no food, the fish oannot grow either* 

The cold-water species are adapted to feeding and growing in 
temperatures considerably below 10 C., but they too slow down in the lower 
temperatures and grow best at warmer temperatures. For example, the brook 
trout of North America is a oold water species which is generally considered 
to die in temperatures which go above 25 C. for any lengthy period of time f 
yet it is known to grow best in water temperatures between 20 and 21 C. 

Temperature has its influence on metabolism. Once the temperature 
reaches 10 C. and the fish starts to grow, there is a doubling of the 
metabolic rate for each 10 rise in temperature through the normal range of 
temperature tolerance of the fish. When the optimum temperature is reached 
and the temperature continues to rise, there is a slowing down in feeding 
and thus in growth. Continued high temperature may stop the fish from 
growing just as effectively as cold temperatures. 

It has been found from studies of the effect of temperature on 
growth that when fish develop in cold water they usually have more vertebrae 
and scales and muscle segments than fish of the same parents which develop 
in warm water. 

The length of growing season, which depends upon temperature, affects 
the size of the fish for its age. In warmer regions a species may attain a 
length of 30 centimeters and a weight of one kilogram in two years, whereas 
in colder climate it will take three to four years or more for the fish to 
reach the same measurements. 

Temperature is a factor which is difficult to control even in fish 
cultural stations , unless the station is so located that there are water 
sources of different temperatures that can be utilized. The creation of 
shade or the removal of shade around ponds is one thing that can be done 
to make minor changes in the water temperature. This can also be done in 
natural areas, especially on streams, where bank cover may either be planted 
to create shade and cool the water, or remove shade to increase the temperature 
of the water depending upon the effect desired. 
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Food aa a factor in growth is equally Important with temperature* 
In waters with abundant food the fish should grow at an above average rate 
provided all the other factors are normal. It is generally aooepted that 
under average summer conditions a fish will eat cm amount of food equal to 
10 percent of its body weight each day. As was pointed out under temperature , 
higher or lower temperatures will affeot the amount of food taken in and 
digested. 

Soaroity of food will cause small fish to die off rapidly and cause 
larger fish who manage to get small amounts of food to maintain themselves, 
but grow very little in weight or length. Presence of large numbers of 
fish of the same species can oreate this condition by overpopulation. A 
very successful spawning may result in so many small fish which require 
the same type of food that the supply in the lake is inadequate to supply 
the needs of all the fish. A few of the weaker ones will soon die, but the 
majority will continue to find small amounts of food to maintain themselves, 
but too little food to grow very much, A few of the larger specimens will 
find adequate food and make normal growth. As this large number of fish 
continues to live, it puts a strain on the food production of the lake and 
may oreate a situation of a lake well stocked with fish, but of such a 
small size as to be of little value to anyone. This condition when found 
can be corrected by using several techniques which are available to the 
fishery biologists. 

On the other hand, it is possible to have too few fish in a lake 
with the result that the few fish present grow exceptionally well, but 
there are too few fish to make the lake a commercially feasible producer. 
In this situation it might be possible to oreate adequate spawning grounds, 
thus increasing the number of fish, or to stock the lake with young fish 
provided from the hatcheries. 

Turbidity may adversely affeot the growth of fishes, especially 
those of the sight :'eeding group. High turbidity will make it difficult 
for the sight feeders to see the food and thus they would not obtain 
adequate amounts t:> produce good growth. Also turbidity may seriously 
deorease the food supply by cutting down the sunlight and thus reducing 
the productive arois of the lake or stream. Excessive silt brought in 
by flooding stress may also bury food beneath a thick layer of silt and 
thus deorease tVa supply. 



The chemical condition of the water may influence the food supply 
in several ways. Certain necessary chemicals may be combined with other 
chemicals in .such a way as to be unavailable to the plants for food, thus 
cutting down the total food supply in the lake. Certain chemicals might 
also be so abundant as to become toxic to the fish or even kill them. 
This is especially true of certain pollution compounds. Lack of other 
chemicals may also reduce the food supply and thus the growth rate of 
the fishes. 

Lack of oxygen and increase of carbon dioxide, hydrogen sulfide, 
or methane gas in the lower depths of the lake may have an adverse effect 
on the growth through forcing the crowding of the fishes into the upper 
limits of the lake and thus putting a strain on the food supply. Depth, 
too, has an influence on growth rate through several directions. One 
is that deep lakes tend to be poorer in productivity than shallow lakes 
because there is such a small zone of productivity to supply food. Thus on 
a hectare basis the production of fish io much less and the growth may also 
be much less than in shallow lakes. Also, the deep lakes tend to tie up 
chemicals in the non-productive deep waters while the surface waters may 
be lacking in these same elements. Deep lakes tend to have their lower 
reaches become oxygenless in both summer and winter periods and thus 
provide non-habitable waters. 

On the other hand, extremely shallow waters may become so crowded 
with vegetation that there is no room for the fish, and may have adverse 
chemical condition or physical conditions occur which out down on the growth 
rate of the fish. 

Acidity and alkalinity have their effect on growth rates, too. 
Extreme conditions of acidity and alkalinity cause death of fishes and In 
milder areas may slow down the growth through limitations on the food supply. 
Generally a pH slightly on the alkaline side provides the best conditions 
for growth of food and thus growth of fish. 

Another factor of the environment which affeots growth Is space. 
This has been briefly mentioned under overpopulation above. Space is a 
definite factor, but the exact manner 'in which it has its influence is not 
known. A good example of how the space factor works can be shown by the 
common goldfish. If you put a small goldfish in a small bowl or jar and 
keep it in good condition, the fish will reach a certain size and beyond 
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that it will not grow even though it has adequate food. It seems to know 
that if it grows beyond that size it will not be able to live in its present 
place. Yet if you take the same fish and put it in a larger aquarium or 
outdoor pool, it will resume growth again* The same holds true for hatohery 
poftds. If you put the proper number of fish in the pond they will grow veil, 
but if you increase their number greatly the fish will cease to grow even if 
more than enough food is put into the pond. Beyond a certain point it is 
Impossible to crowd fish and get them to grow. 

In expressing the growth rates of fishes , two main determinations 
are made. One is the ooeffioient of condition, the other is the length- 
weight relationship. The ooeffioient of condition is an expression of 
relative fatness or plumpness or robustness and is based upon the well-known 
cube law in whioh the weight of an object inoreases as the cube of its 
length. The formula for determining the ooeffioient of condition isi W-KL , 
where V the weight of the fish in grams , L the standard length of the 
fish in millimeters, and K is a constant. The method for determining the 
ooeffioient of oonditlon is explained in detail in the ohapter on Field and 
Laboratory Methods. A ooeffioient of condition of 1 or less indicates a 
long thin or slender fish, while a ooeffioient of 3 or 4 indicates a short 
fat fish. However, sinoe most fish do not follow the cube law in their 
increase in length and weight, it is not possible to determine the weight of 
the fish if its length is known or vice versa from this formula. Therefore 
the length-weight relationship is worked out and used for this purpose. 

The length-weight relationship is derived by using the formula of 
the general parabola W olfl, where W is the woight of the fish in grams, 

L is the standard length of the fish in millimeters, and o and n are 

i 
constants. The methods employed in determining the constants and in ar- 

ranging the data for the compilation of the length-weight relationship 
are discussed in detail in the chapter on Field and Laboratory methods. 

Once the length-weight relationship has been established for a 
apeoies, it is possible to make comparisons with new samples and to calculate 
the lengtti or weight of a fish if only one of the measurements is available. 
If the new sample deviates widely from the established pattern, it is 
possible to tell considerable about the waters as a suitable environment. 
If the fish Is heavier than the average for its length, it indicates above 



average conditions, If lighter then below average conditions exist and the 
biologist has a olue to the needs of the lake for improvement. A similar 
idea is obtainable from the ooeffioient of condition, in that the ooeffioient 
will be greater or less than the average, indicating the oondition of the 
lake. However | some caution must be used in interpreting the results, sinoe 
at times the fish may normally vary from the average. For example, Just 
prior to spawning when the female is full of eggs, the oondition faotor is 
quite likely to be higher than normal, and again immediately following 
spawning the oondition faotor will be lower. Therefore, a knowledge of 
the time of year when the fish was taken and when the particular species' 
spawning season is are Important items in evaluating the oondition faotor 
or length-weight relationship. 

The study of growth rates of fishes thus can give the biologist 
the data needed for determining whether the lake is producing fish that 
are average, above or below average in weight, and give him a olue as to 
what might be done to oorreot the situation. Generally, there are enough 
waters having poorer than average conditions so that the biologist will 
)nve little time to spend on the above average lakes, although some study 
should be made of these watere to help determine what factors are making 
the lake better and how these conditions oan be introduced into the poorer 
lakes to increase their production. 
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Chapter VI 
The Age of Fishes 



After Leeuwenhoek, a Dutch scientist, first looked at fish scales 
under a microscope in 1684 and reoorded that there appeared to be "rings" on 
the scales and that he believed each ring represented a year-mark , many 
workers have looked at and speculated about the marks on fish scales. It 
was not until 1898 that the real proof that certain marks on the scales 
were actually year-marks was developed . In that year a German biologist, 
Hoffbauer, reported on his work and established the basis for modern eoale 
interpretation. He studied oarp in a pond and followed their growth over a 
period of years, removing from time to time scale samples which enabled him 
to follow the scale pattern and development. He discovered the presence of 
year-marks or cumuli, and since that time workers in the temperate and oold 
regions have been able to use the fish scales in the interpreting of the 
age of the fish samples collected from various bodies of water. Methods 
have been developed for the calculations of the length of the fish at each 
year of life from scale measurements and relative rates of growth have been 
established for many species. 

The scale method is based upon three major propositions. The first 
is that the number of scales on the fish remain constant and retain their 
identity throughout the life of the fish. Secondly, the annual growth of 
the scale maintains a constant ratio with the growth in length of the fish 
throughout its entire life, and thirdly that one and only one annulus forme 
each year on the scale. 

Freshwater fishes have three types of scales, - the cycloid, ctenoid, 
and ganoid, as described in Chapter I, Of these types only the first two 
are suitable for age determinations. To describe the scale method we will 
use a ctenoid scale as typical, of the process. You will notice on the 
scale (Figure 4o) that in the center of the scale there is a small, clear 
area. This is the focus of the scale and it represents the original eoale 
bud or platelet of the newly hatched fish. Around this center are numerous 
ridges or circuli, which reprasent the successive stages in scale growth, 
though they seldom correspond exactly with the scale margin. On the anterior, 
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concealed field are radiating grooves or radii. On the exposed, posterior 
field are the numerous tooth-like projections, the otenii, from which the 
type of soale derives its name* 

As the soale grows, eaoh olroulus is laid down first along the 
anterior margin and then it grows gradually around the soale. A olose 
examination of the soale will reveal several incomplete olrouli along the 
dorsal and ventral borders of the soale . 

During the winter, growth is retarded or ceases entirely and the 
oirouli do not grow to completion. With the warming of the waters in the 
spring to growing temperatures, growth is greatly accelerated and a new 
oiroulus is laid down on the anterior margin and rapidly grows around the 
scale. The incomplete oirouli of the previous growing season do not grow to 
completion, remaining as they were during the winter stoppage of growth* 
The newly formed ciroulus therefore outs across these incomplete oirouli and 
this "cutting across 99 is one of the most conspicuous and trustworthy 
characteristics of the annulus or year -marie. It is by locating and counting 
these annul! that the age of the fish is determined. 

In cycloid scales (Fig 4d) there is often much less cutting across 
of the oirouli and more frequently a crowding of the oirculi of the late fall 
and winter. Generally the cycloid scales are more common on the cold water 
species and these ooldwater species tend to grow in colder water than the 
warm water species. Thus they may slowly add oirculi all winter, but growth 
is slight and the oirouli become very olose together. This, under the 
microscope, gives the appearance of a darker band and this band is frequently 
spoken of as the winter band or winter mark. The outer edge of this band is 
taken as the edge of the annulus, because with the rising spring temperatures 
the oirculi become wider spaced, again indicating the beginning of another 
period of rapid summer growth. 

Not all scales can be used for age determinations. Some scales are 
lost accidentally, and others grow to replace them. These replacement scales 
are called regenerated scales and are easily detected because they have a 
large opaque center, approximately the size of the soale at the tine it was 
lost. No oirculi are present in the Regenerated area and therefore the soale 
is useless for age determinations. Other scales may have peculiar mt-ke so 
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that they cannot be used for age determinations either* From one to ten 
peroent of most scale collections are discarded by experienced workers, 
Experience will help the worker distinguish between spawning checks, starv- 
ation marks | and other marks which develop on the scales at times and confuse 
the beginner, 

In any detailed study of the age and growth of fishes it is necessary 
to determine the time of year at which the annulus forms in order to be able 
to more accurately assess the true age of the fish caught in the early spring 
and summer* The knowledge of when the fish begins to grow will help the 
worker decide whether the band of growth on the edge of the scale outside 
the last annulus is new growth or the entire last years growth Without such 
knowledge the age of the fish may be off a whole year and give an improper 
evaluation of the condition of the lake* 

Pish, like race -horses, have a birthday the first of January* A 
year is added to the age cf the fish taken between January 1 and the time of 
annulus formation* This is done to permit comparisons to be made on a 
calendar year basis* Samples may be collected from a lake during the winter 
and other samples are taken in summer* These later samples will have one 
more annulus than the winter collected scales* For example, a group of fish 
taken in the spring Just prior to annulus formation may have an average 
length of 150 millimeters and have two annuli on their scales plus a margin 
of growth* Another collection is made soon after annulus formation and 
this sample will have three visible year marks now and a small margin of new 
growth* Suppose this second sample also has an average length of 150 milli- 
meters* It would appear that there were two age-groups in the lake having 
the same size-range of fishes. In order to avoid this discrepancy one year 
is added to the fish taken prior to the time of annulus formation, and this 
keeps comparisons of size and age on an even basis* 

Once age determinations have been made on a number of fish of a 
species, a general growth curve may be compiled by taking the average length 
of the fishes in each age-group and plotting the data on a graph* This 
compilation gives the average or expected size for each age under average 
conditions* Comparisons can then be made with new collections to determine 
how well the fish are growing for their age, 
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In order to increase the value of the data by increasing the numbers 
upon whioh the data are based, growth calculations oan be made from soale 
measurements* The measurements are usually made on enlarged soale images 
through use of a specially constructed projection apparatus. 

It has been stated that the number of scales on a fish remains 
constant throughout its life and that the scales grow in the same proportion 
as the fish grows. Thus there is a definite ratio between the fish length 
and the soale length. This ratio is determined by measuring the size of 
specially selected scales, called key scales, from a group of fishes. The 
key scales are taken by counting to a certain row of scales on the side 
of the fish and taking a certain number of scales from that row. Scales 
from the same position then have been taken from each fish and oan be 
directly compared. 

By means of mathematical procedure, which is outlined in the 
chapter on Field and Laboratory Methods, the bodysoale relationship is 
determined. This relationship is determined to find out whether a direct 
proportion method for size calculation oan be used, or whether a correction 
factor must be added to the formula. 

By measurement we know the length of the fish at the time of capture, 
the length of the soale is measured and the length of the scale to each 
annulus is also measured. If the soale is directly proportional to the 
length, we can determine the size of the fish at any past year of life by 
the following formula! 
L t 

n &r ' 

where L the length of the fish at the end of the n th year of life 

S - the scale radius within the n th annulus 
n 

L+ the length of the fish at the time of capture 

V 

3* m the total length of the soale. 

If the body-scale relationship is not a direct proportion, then the 
formula would bei 

L n ' 




220 ______~_^ ft/gfl 

where o a constant, and the other symbols are as desoribed above. The o 
or oorreotion faotor varies with eaoh species and must be calculated for each 
if the calculated lengths are to be used. 

Sinoe some species of fish do not have scales, or have scales which 
are not satisfactory for scale reading, other methods have been devised to 
determine the age of these fish. 

The length-frequency method is based upon the assumption that the 
lengths of fish of one age tend to form a normal distribution around a mean 
length. Ages are determined by locating the peaks on the graph following 
the plotting of the data. The length-frequency method Is usable mainly for 
species which have a short spawning period and fairly short life span. Ptor 
other species which have prolonged spawning seasons and a long life span 
there will be an overlap in sizes in the early years and in later years 
there tends to be on overlap in all species in size, thus making the length- 
frequency method unreliable for accurate determinations of age* 

In fish that do not have scales or scales that cannot be read, the 
use of otolitho or ear bones, cross sections of vertebrae, other bones such 
as the operoles, and the spines and rays of fins have been used with success 
in some species. 

The otolith used is the one found in the saoculua of the inner ear. 
As the fish grows, lime is deposited around the otolith and when the fish 
is growing rapidly the deposition is less dense than when the fish is 
growing slowly. Thus "by locating the dense compact bands on the otolith 

the age of the fish is determined. Sometimes the otolith is ground and 

t 

polished to make it easier to determine the bands, while other times the 
stone is cut in half by use of a very fine jeweler *s saw. 

Spines and rays are also used, especially the pectoral fin spine. 
A cross section of the spine is made at the very base of the spine and this 
is mounted on a glass slide and studied under the microscope. Again growth 
is represented by bands around the spine or ray, and by locating these bands 
the age of the fish is determined. 

Where possible the use of the scales is preferred, but if th\ fish 
does not have usable scales, these other methods do aid the biologist in age 
determinations . 
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Another method of age determination ia from fish of known age, 
Several methods have been devised for marking fish so that they may be 
recognised again at a later date* One method is to keep one group of 
fish in a pond, and follow them for several years as did Hoffbauer when he 
established the soale method* This may get complicated if the fish are 
early spanners and several groups develop* However* if they take several 
years to reaoh maturity or if the large fish are separated from the young 
fish shortly after spawning occurs eaoh year, then this method is of value* 
It generally cannot be used with wild stocks of fish* 

A more satisfactory method is the use of numbered tags whioh are 
attached in various manners to the fish* A sample of scales is taken at 
the time of marking and subsequent samples from later years will help confirm 
the validity of the year mark and give exaot information on the amount of 
growth the particular fish made* One disadvantage of this method is that 
sometimes the tag interferes with normal growth and abnormal patterns of 
growth are represented on the scales* However, it does help in establishing 
the validity of the year mark. 

The clipping of fins is another method* but this does not permit 
the identification of individuals for later comparisons* Only averages 
can be determined by this method* 

The practical value of age and growth studies may be illustrated 
by the following applications of the work* A knowledge of age at sexual 
maturity is needed to properly regulate certain commercial fisheries and 
to conduct certain fish cultural operations* For example, if a particular 
species does not attain sexual maturity until it is a minimum of three years 
of age and 300 millimeters in length, and fishing is permitted with no set 
size limit on the species, it might result in such a reduction in population 
in a particular body of water as to make fishing for it unprofitable, or 
even the species might be eliminated* The holding of fish in the hatchery 
for brood stock was mentioned earlier* 

The comparisons of rates of growth between bodien of water or under 
different environmental conditions will identify good and bad conditions 
and point the way to future corrective work* 
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The success of attempts to Improve the environment oan be determined 
by the comparison of growth before and after the work la done. Improvement 
in growth rate will refleot good re suite* 

The selection of waters to perform improvement work upon can be 
made from growth studies . Lakes with fish below average in length and 
weight indicate poor living conditions and the need for corrective work. 
Tests oan then be made to determine what faotor or factors are limiting 
the growth and steps oan be taken to correct these faults. Thus age and 
growth studies are valuable tools to the fisheries biologist and culturlst, 
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Chapter VII 
Food and Feeding 



It 10 difficult to set up a rigid classification of food habits 
of fishes slnoe there are so many gradations and overlaps due to the 
circumstances prevailing at the time and plaoe where the fish is located* 
But in general fishes may be grouped into three main categories according 
to the principal or major type of food eaten. These three groups ares 
1. Herbivorous feeding mainly upon plant material! 2. Carnivorous -- 
feeding principally upon animal matter; and 3 Omnivorous feeding 
about equally on both plant and animal food. It must be remembered that 
there will be occasions when, for example, a carnivorous species will be 
forced to feed upon plant material because of a scarcity in its preferred 
food items. It is necessary, therefore, in classifying a species as to Its 
food preference that a large number of samples be taken from many different 
localities for examination before a definite statement can be made. When a 
sample of fish is taken from a particular body of water, and the general 
food habit of the species is known, and a different content is found in its 
stomach, it is a good indication that the habitat is not well suited to 
that species. 

Food is a major controlling factor in the number of fishes a body 
of water can produce, and in the distribution of fish. The production of 
food may be quite simple or may be very complex, involving many steps or 
stages. We generally speak of these processes as food cycles or food chains. 
For example, the food cyole or ohain for an herbivorous fish i* simple. The 
green plants obtain their necessary food elements either from the water or 
through the soil. The chemicals needed for this plant production, of course, 
come from the surrounding lands with the water entering the lakft or stream 
or from decomposition of dead plant and animal material in the water through 
the aotion of baoteria. Thus the ohain is short -- chemicals to plants to 
fish. In other speoies, as in the carnivores, the process may bo very complex 
and go through many different stages. For example, a large adult carnivore 
depends upon food items of rather large size other fish, crayf; ih, 
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large aquatic Insects. These animals in turn are dependent upon smaller 
Items and these on smaller, eto. Some of the smaller fish may be herbivores 
where the cycle for their food is short as described above* Some others, 
however, may be carnivorous or omnivorous and have complex cycles also* These 
fish require other animal food such as fry, small insects, plankton, eto. 
These smaller forms depend upon plankton or detritus or the basic chemicals* 
Basically all animals are dependent upon plants for their food supply and 
existence* Thus all food chains start with the basic chemicals and go through 
innumerable steps to reach their final destination* 

To be productive then a lake must have the needed chemicals to supply 
the needs of the plants in the water* The plants require light to be able 
to manufacture food, and thus if a lake is too turbid a shortage of food may 
occur* Lakes or streams found in poor farming areas are very likely to be 
poor producers too, unless streams entering the lake pass through areas of 
richer fertility. The shape of the lake, its depth and other physical 
features play an important part in the production of food as well as fish* 
Generally a fairly shallow lake with a very irregular shoreline produces a 
great deal more than a round lake that is very deep. The shallow lake 
affords closer contact between the waters and the plants and bottom soils, 
thus giving easier access to the minerals* The shallow lake is also warmer 
and being subjected to winds the water moves easily and mixes, bringing 
oxygen to the bottom organisms which in turn speeds up decomposition of 
detritus. In deep lakes generally most of the year there is a lack of 
oxygen at the lower depths and decomposition depends entirely upon the 
anaerobic bacteria. Also with only a brief mixing in the spring and fall, 
most of the chemicals produced by decomposition remain unavailable to the 
plants in the upper productive zones. 

Hot only do the physical and chemical and biological characteristics 
of the water have an influence on food production, but they also play a 
major role in the food habits of the fish as well. The food habits o:? a 
species will vary with the size of the fish. A newly hatched fry will feed 
at first upon the stored up yolk material within its yolk sac. As soon as 
this material is used up, the fry must search for fool* Generally the :*irst 
food is small plankton organisms. If the correct sized plank ters are 
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present, the young fry may thrive, but if food of proper sise is not avail- 
able, the fry soon die. The importance of proper sized food nay be 
illustrated by an experiment which was oarried out in a laboratory* As 
newly hatched fry reached the stage of searching for food, small plankton 
crustaceans were added to the aquarium* However, many of these animals 
were too large for the fry to capture and swallow* Some fry tried to 
capture these larger organisms and found them too big, and they tried again 
and by chance onoe more got an animal that was too big to swallow* After 
several such attempts the fry gave up any further attempt to feed and died 
of starvation* Other fry were more fortunate and on the first or second 
attempt captured an organism they could swallow* These fry upon finding 
one too big did not quit trying, but kept searohing until they found a 
proper sized organism and thus continued to grow* 

As the fry obtains food and grows it may shift to bigger and bigger 
items of food, although this is not necessarily true of all species* Some 
remain plankton feeders all their lives, while some carnivores begin 
immediately to eat fish by eating their brothers. But generally there is 
a shift from small to larger items of food as the fish grows to adult siee* 

There are a number of faotors whloh help in determining what a fish 
will eat. Size of food has just been mentioned* It can play an Important 
part not only in young fish, but in adults as well* Availability also has 
a place. Some fish may prefer items such as crayfish or larvae of larger 
aquatio insects, but beoause of the poor productivity of the water these 
items are not present and therefore they must resort to other items for 
existence. Also some types of lake bottoms provide excellent hiding plaoes 
for food organisms and the fish just cannot get at them. Taste also may 
have a place. It has been shown that some aquatio insect larvae have a 
taste that fish do not like and other larvae have mimicked them so that 
when the bad group is fed to the fish first, they taste but reject them, 
and when the imitator is put in right after the bad tasting group, they are 
not touched. It would also seem that texture has some effeot in some 
species. Fish will take certain items into their mouths and reject them, 
while other species will pick up the rejeoted item and eat it* Color, too, 
has a bearing and is a very greatly contested factor* Some workers believe 
very strongly that oolor has a big place in feeding, so much so tL*t in 
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SOB* hatcheries they add food coloring to the prepared food they feed the 
fish. Other workers believe that oolor does not have any real, plaoe in 
feeding. It ie an item that needs some careful investigation* 

Temperature has its effeot. As was mentioned in the chapter on the 
freshwater environment , within normal temperature ranges , the fish double 
their metabolic rate and thus their food intake for eaoh 10 C* rise in 
temperature* Experiments with warm-water fish show that onoe the temperature 
of the water rises above 10 C*, the food intake increases and the fish 
begins to grow. Below 10 C* the fish takes on food, but only replacement 
nourishment is derived* Fish belonging to the cold water species will con- 
tinue to grow to temperatures somewhat below 10 C, f but they too reach a 
point of little or no growth* 

Feeding habits play a role in determining what a fish may eat* 
Perhaps a distinction should be made now between food habits and feeding 
habits* Food habits refers to the kinds and amounts of food a fish eats* 
Feeding habits refers to the time, plaoe and manner in which the food is 
obtained* 

Fishes are adapted to their food in structure as well as in habit* 
As was shown under the chapter on Anatomy* fishes have a wide variety of 
shapes of mouths , teeth, and intestines* Mouths vary from tiny openings at 
the end of a long tube-like structure which enables the fish to eat a 
particular kind of animal in coral f to the meter wide, enormous toothed 
mouth of the killer shark* Some mouths are adapted to biting, others to 
eruoking. Some have mouths pointed upwards on top of the head, as in 
Aphaniua, or downward turned and sucker-like &s in some Barbus, or Qarra 
which has a regular sucking disk behind the mouth* Some fish like the 
Clarias and Tilapia have teeth in the mouth, while others like the Barbus 
have no teeth in the mouth but have throat or pharyngeal teeth which cut, 
tear or grind the food as it passes into the stomach. Also we find some 
fish which have short* stubby gill rakers and others which have long, narrow 
gill rakers* Those with the long gill rakers are usually plankton feeders 
and the rakers aid in filtering out the plankton as the water passes from 
the mouth through the gill slits* 
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The intestines of fish vary with food habits* Usually the carnivorous 
and omnivorous speoies have a distinct a torn a oh, while the herbivorous fishes 
do not. The intestine itself is usually short in carnivorous speoies , 
medium length, that is with several loops, in omnivorous fishes, and very 
long, many looped in the herbivorous speoies. it takes a rauoh longer time 
for digestion of plant than animal foods and thus the longer intestines. 

Food is detected by sight, smell touoh or taste. Host fish obtain 
their food by sight. They swim about in searoh of food and pi ok out the 
food they desire. Plankton feeders, for example, searoh for concentrations 
of plankton and prooeed to feed upon it, yet completely ignore schools of 
small fish. Many fish will seize an object swimming past thorn without 
discrimination as to whether it ia the right size or whether it is edible. 
These fish depend upon taste and feel, after capture, to tell them whether 
the item is to be swallowed or rejected. 

Bottom feeders generally depend upon touoh for finding food. Barbels 
attached about the mouth are uoed to locate food. Most night feeders depend 
upon smell and taste for finding food. Others may depend upon sound ~ 
hearing their food swimming or crawling about. The air bladder and 
lateral line oanal system aids these fishes. 

The physical environment plays a major role in feeding of fishes. 
If a lake containing many sight feeding fishes becomes increasingly turbid, 
the sight feeders have difficulty in locating food. In auoh lakes the 
smell and taste and touch feeders have much greater success. Continued 
turbidity can in time change the fish population through gradually starving 
out the sight feeders* 

Competition between speoies and between members of the same speoies 
for the same foods can also affect the size of the population as well as 
the size 6f the individual fish. When several species of similar food 
habits occupy the same waters, it is possible that the food supply may be 
so heavily utilized that there is insufficient supply for all to make good 
growth. Then a condition of overpopulation and stunting will occur. This 
same condition can develop within the same speoies as well. An exceptionally 
successful spawning season may be the start. Adequate plankton is available 
for the many fry and they survive. But when they need to shift to other foods 
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there is an insufficient quantity. Then some of the more aotive and vigorous 
pooimens will be able to oat oh adequate food and make normal growth. Others 
will find some food, but not enough to make good growth and they will be small 
for their age* Some, of course, will not find even sufficient food to exist. 
fh quantities of food needed by the various species depends on the food 
habit, the food available, and the conversion rate. The temperature of the 
water and the general condition of the fish also play a part in the quantity 
of food used* It is generally accepted that the fish will use from 6 to 10 
peroent of its body weight in food each day in water of 20C. 

Insufficient quantities of food may cause malnutrition and the 
results of this are a lessening of vigor of the fish, making it more sus- 
ceptible to disease and parasite* It also will reduce the reproductive 
capacity. 

Food shortage is probably the most common and serious factor limiting 
fish production in natural waters. It is one of the major tasks of fish 
management to determine the exact food conditions and to make the necessary 
adjustments of the environment to correct the weaknesses in the food chain, 
if possible. Many tests and collections of data are concerned with the 
determining of the food supply. Food habits studies by stomach analysis 
show what the fish eats. Collections of plants, bottom organisms, and 
plankton give indications of what foods are available and estimates of their 
quantities. Chemical analysis shows what basic fertility is present and 
available to the plants and animals. Physical data will indicate whether 
the lake or river basin and the waters are suitable for good production. 
Analysis of all the data will shew wjiere the weak spots are and whether it 
is possible tc apply any corrective measures. One of the best tests of lake 
productivity, of course, is the fish themselves. If samples indicate they 
have attained an average or above length and weight for their age, are in 
good healthy condition, and in good numbers, it can be assumed that the 
lake is suitable for that species. If, however, the fish are in poor 
condition, very small or very light for their age, and either in small or 
excessively large numbers, it can be assumed that the waters are not suitable 
under the present conditions and that corrective measures must be applied* 
The measures which can be applied are discussed later in the chapter on 
Lake and Stream Improvement. 
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Chapter Till 
Competition and Freda ti on 



While it is the custom to speak of oompetition and predation as 
separate 1 terns t the two problems are very closely related and many of the 
manifestations of each might be put in one or the other category depending 
largely upon the oiroumstanoes under which It occurs* 

Predation generally has the meaning which signifies the destruction 
by consuming, and predators are usually referred to as enemies. Competition 
generally designates a contest between two or more organisms for the same 
thing* 

Two major types of oompetition are to be found. There is inter- 
specific competition f which is oompetition between two or more species and 
intraspeoifio oompetition which is oompetition between two or more members 
of the same species* 

Interspecific competition involves a very wide variety of animals 
and plants. There is competition for food, which is probably the most 
important of the relationships* Under the chapter on Food and Feeding this 
relationship was briefly mentioned* If several species of fish, having the 
same food habits, inhabit a certain body of water, the pressure on the food 
supply ma 7 be so great that the food becomes so limited as to be insufficient 
for all the fishes feeding upon it* Thus there will be a change In the 
growth rates, with only the strongest fish or species managing to grow well. 
The others must either subsist on a below normal diet or shift to a secondary 
food supply* 

There is also competition for nesting or spawning locations* This 
might lead to curtailment or reduction in numbers of a desirable species by 
a more aggressive, but less desirable one. The stronger fish can keep the 
weaker species off of its favorable spawning grounds, and thus cause the 
weaker species to seek less desirable grounds where chances for good survival 
are much less* Sometimes hybrids may be produced in competing for spawning 
grounds* Two closely related species having the same spawning requirements 
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might nest in the same area, and produce aooidental hybrids by having sperm 
of one species in the water when eggs of another are in the process of being 
laid, or as frequently happens the males of one species mate with the females 
of another, producing the hybrid* 

Nesting sites may also be destroyed by successive spawners. The one 
pair of fish prepare their nest and deposit their eggs, and another pair 
comes along and destroys the nest while making its own nest* In areas of 
limited spawning grounds this can be a serious deterrent to adequate popula- 
tion. 

Competition for space is another typo. This was discussed under 
growth of fishes. The crowding of too many species or too many fish in the 
same area has an adverse affect on growth. There is also the competition 
between plants and fish for space. The vegetation may grow so thick in 
places in lakes that the fish are unable to utilize the area, and there is 
a competition not only for space but for chemicals and gases. In the daytime 
the plants can produce an excess of oxygen, sometimes to the point where it 
becomes harmful to the fish, and then at night the plants use so much oxygen 
that the supply is decreased to a point where fish may die from its lade* 

Intraspeoifio competition includes all the items mentioned above and 
In addition there is competition for mates. Rivalry among the males for 
females includes the development of accessory sexual organs such as horns 
on the head and brilliant colors for attracting the females. There is 
among some species actual combat between males* 

Predation, too, may be either inter- or intraspeoifio. Among the 
species that are carnivorous or omnivorous feeders predation may begin very 
early in life with the young fry attacking their brothers. Others begin 
feeding on other species of fish or on other animals. In turn the fish aj?e 
fed upon by other animals. Frogs, birds, some mammals, crustaceans, insects, 
and other animals are known to feed upon fish. The number of predatory 
species in a lake or stream may control the population. Too many predators 
can be harmful to fish production. On the other hand, the lack of pre- 
datory species may be just as harmful $ince then the other fish populations 
may overproduce and create a situation of too many fish for the food supply* 
In natural waters one of the problems of the fishery biologist is to main- 
tain a proper balance between predatory and non-predatory species* 
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One of the most serious competitor problems is the coarse fish 
problem. By coarse fish ire mean fish which are not generally used by 
people for food. There may be various reasons why they are not used, but 
the faot that they are not creates the problem. Some of the coarse fish 
may not even be used by predators because they have big spines or other 
objectionable features to protect them* The problem of these fish is 
that they utilize great quantities of food which could otherwise be used 
by the fish which ere of value. Generally, too, the coarse fish are very 
prolific spawners and are hardy fish which can tolerate conditions which 
many of the preferred fish cannot. Methods for controlling the numbers of 
thece coarse fishes or finding means of utilizing them are matters on 
which fishery biologists are working. In some species some success has 
been achieved through -the use of the fish as fish meal and fertilizer, or 
in oil production. 

The introduction of species into areas where they are not native 
may also oreate a problem in competition and predation. Before a species 
is introduced into a new region, it should be thoroughly investigated* 
The species might be a useful predator under its natural condition, but 
when introduced into a new region it might take to preying upon the 
desired rather than the undesired species. Or it may become a strong 
competitor for spawning grounds or food of the native species and drive 
them out or severely reduce the population or cause a retardation in growth. 

Care must be taken to ascertain whether the proposed introduction, 
if considered as a food fish, will be acceptable to the people. If possible 
in this matter, samples should be imported and tried before mass introduc- 
tions are made. 

Tost introductions can also be made in waters which have no con- 
nection with major drainages, and where if the fish turns out to be 
undesirable it may be eliminated. 

Another big problem in competition is man. Man has probably done 
and is doing more harm to the fishery than all other animals combined, 
Han utilizes the fish for food and in acquiring his supply uses large nets 
and various other devices. Many of the nets, used are harmful to the fish 
population because of their small mesh size. They take fish' of small length, 
before they have been able to spawn. They take and kill small fish which 



cannot be used for food and thud destroy future supplies. Sinoe most fisher- 
Aon follow traditions, it 10 very difficult to convince the* that they art 
hurting the supply Now as we need more and more fish for our food, it is 
very urgent that every effort be made to conserve the supply. Stringent 
lavs must be passed to foroe the fishermen to use the proper sifted nets. 

The use of dynamite and poisons oust also be stopped because they, 
too, destroy whole populations, leaving nothing for the future. 

Man also competes with the fish for water* Water for domestic use 
and for Irrigation or oommerolal factories takes from the fish his necessary 
medium. After use of this water by man, it is generally returned to the 
rivers and lakes, but it is so badly polluted then that it is no longer fit 
for fish use* 

Huge dams built for power or Irrigation and flood oontrol, while 
undoubtedly necessary uses, can in many places be more wisely used and permit 
fish produotion f too. While some works of the past are detrimental to 
fisheries, there is no reason for those of the future to follow the same 
pattern. Proper planning to Include fisheries will permit wise use of the 
water for everyone. 



Chapter IX 
Aquatio Plants 

Aquatio plants, both micro- and macroscopic, are closely related 
to fish production* Sinoe animals cannot organize food from inorganic 
substances, they are dependent upon plants which grow on these inorganic 
materials* The fish either feeds upon the plants themselves or upon other 
animals which feed upon the plants. Without plants there oan be no animal 
life* While this nutritional connection between plants and animals is 
undoubtedly the most important influence of plants upon animals, there are 
other ways in whioh plants have an influence on the life of animals* 

Both plants and animals require oxygen to maintain life* In running 
waters there is usually sufficient oxygen dissolved in the water to support 
animal life. However, in lakes and ponds conditions may arise whioh do not 
provide adequate supplies of oxygen. The plants manufacture oxygen and 
release it to the water where it contributes to the supply for fish and 
other animals. Plants also use up carbon dioxide and other chemicals 
whioh might, if not used by them, become so abundant as to be harmful to 
fish life. 

The plants, especially some of the higher forms like the water 
lilies, potamogetons and arums, provide a surface upon which various kinds 
of organisms live, grow and reproduce themselves. Without certain kinds 
of vegetation some species of insects cannot develop. Protozoa and other 
lower forms of life also grow upon the stems and leaves of the plants 
providing food for fish and other animals, 

Aquatio vegetation also provides a place of shelter for the fish 
and a protection from enemies. Weed beds provide a place for small fish 
to hide from the larger predators, as well as providing food. Weed beds 
also prbvide some protection against storms by cutting down the wave action 
and thus giving a quieter area for fish to live* 

Another beneficial result of higher aquatic plants is the stabilisa- 
tion of the bottom soils. This reduobs turbidity and provides a better 
habitat for the fish. Also by decreasing the shifting and stirring up of 
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the bottom soils, the aquatio insects and other forms of life living in the 
bottom soils are better able to maintain themselves, thus prpvlding more 
food for the fish. Shifting bottom soils cover up the organisms and destroy 
their homes* The roots of the plants and the stems and leaves reduoe the 
wave aotion and water motion and prevent the shifting of the soil. 

Weed beds serve as a breeding area. Many species of fish require 
aquatio plants in order to properly reproduce. Pish, like the yellow perch, 
entwine the gelatinous strings of eggs among the stems and leaves of the 
plants. Other species will stick their eggs to the underside of some of 
the leaves. Others with adhesive eggs drop their eggs in the vegetation 
and the eggs stick to the plants and develop. Should these eggs fall to 
the bottom soils they would become covered with silt and fall to develop. 

The higher aquatio plants are not only beneficial in life, but after 
death they increase the nutritive elements in the soil and water through 
their decomposing. These elements are then used by the plant plankton and 
later generations of the higher plants. 

Not all of the effects of aquatio plants are beneficial as far as 
the fishes are concerned. Some of the above described features may easily 
become very detrimental to fish life. 

At times during periods of bright sunshine and calm weather a 
condition of super saturation of oxygen may result. The plants manufacture 
so much more oxygen than is needed or can be distributed in the water that 
the area becomes supersaturated with oxygen. Fish swimming in this area 
absorb more oxygen than their systems can use and bubbles of oxygen form in 
the flood stream. Death has been known to result from this condition. One 
form of the disease is known as pop-eye and is caused by the accumulation of 
oxygen bubbles in the eye. The bubbles cause the eye to swell greatly and 
protrude from the sockets. In severe or prolonged instances, the eyes have 
been known to rupture causing blindness. Not all conditions of pop-eye are 
produced by super saturation of oxygen, since other causes may also produce 
this effect as will be shown later. 
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At other times the plants may produce the reverse effeot. Plants 
in abundance require large amounts of oxygen to maintain themselves during 
the hours of darkness when they oannot manufacture their food and oxygen* 
At times plants may use so much of the oxygen supply in the water as to 
reduoe the quantity below the level whioh the fish require and many fish 
may die from laok of oxygen* This is particularly true in some types of 
hatchery ponds and rearing ponds where fish may be crowded. This is one 
reason for having night watohmen on hatchery grounds* 

The deoay of plants may reduoe the oxygen supply, especially in 
the lower depths of the lake so that these regions beoorae uninhabitable by 
the fish* In regions where ioe covers the lake in the winter months this 
may become so serious that the oxygen supply becomes inadequate for the 
fish and there are numerous records where fish populations of an entire 
lake have died from laok of oxygen during the winter. 

The deoay of plant material may also produce gases of decomposition 
which can accumulate sufficiently to become harmful to fish life or their 
bottom dwelling food organisms, 

Some algae may cause obnoxious odors in the water or give the water 
a bad taste. They may even produce a bad taste in the fish flesh. Also 
some species of algae, especially some of those in the blue -green group, can 
produce toxins in the water which will kill fish. 

While providing shelter and protection for fish, weed beds may 
develop so thickly that they occupy so much space that fish cannot manage 
to swim in the area or find space for spawning. They grow so abundantly 
that they cover the bottom soils so heavily that food organisms oannot live 
there any longer. Thus the overabundance of plants can reduce the food 
supply and habitat of the fish. They can so reduce the productive area of 
the lake that the fish population is reduced* Weeds can even reduoe the 
lake itself by completely filling in the small bays and arms of the lake* 
Eventually lakes will fill up with vegetation and become marshes. In shallow 
lakes with productive zones covering the entire lake bottom, this process 
may not take very long* An example of a rapidly filling in of a lake oan be 
given in the lake at Horns. Sinoe the dike was completed, about one -quarter 
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of the southwestern area of the lake has filled in with vegetation, and at 
present plants are encroaching to about one-half of the lake. 

Overabundant weed beds may also contribute to an overpopulation of 
fishes* The young fish of some species may be so well protected from preda- 
tion that too many survive for the food supply available for them and all the 
features of overpopulation are shown by the fish* 

Weed beds may also hinder the harvesting of the fishes commercially. 
Large patches of weeds along the shore prevent the use of seines and other 
nets, thus also contributing to overpopulation and the wasting of good food 
supply Heeds may be so abundant, too, as to prevent fishermen from taking 
their boats through the beds to open water where they might fish* 

There are a great many factors which affeot the growth of plants* 
Some of these factors are length of growing season, altitude, nature of the 
bottom soil, water level, exposure to waves, turbidity, shade, fertility of 
the water, presence of harmful chemicals, abundance of algae, abundance of 
fish or plant-eating animals, excessive growth of plants and man's activities* 

Length of growing season has a direct bearing in that the longer the 
growing season the more likely it is that there will be an abundance of 
plants* Altitude affeots plant growth in that the water temperature is 
usually lower in the higher regions and also the fertility of the water is 
less in the higher mountain lakes, resulting in less plants. 

The nature of the bottom plays a large role. If the bottom drops 
off very rapidly there is a limited zone around the lake that can support 
plants* Generally the plants do not develop much below 7 or 8 meters in 
depth in clear water lakes* Shallow lakes are generally weedy, unless they 
are very turbid. The bays and arms of lakes that are protected from the wind 
usually have more vegetation. Open wave-swept shorelines are usually devoid 
of vegetation because of the shifting bottom and action of the waves. 

Many aquatic plants are rooted in the soil and must obtain much of 
their nourishment from the soil, the same as land plants. If the lake soil 
is poor in nutritive materials then the plant growth may be small. 

Acidity and alkalinity of the soil may also influence plant growth. 
The type of soil sand, gravel, marl, etc. also has a direct influence 
on the plant life* Some bottom soils are too easily moved by the water 
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movements to allow vegetation to get a start* Others are too hard. 

Exposure to wave aotion decreases plant abundance* The pounding 
of waves will tear the plants loose. The shifting of the bottom soils by 
wave aotion may not permit vegetation to establish itself or will bury the 
new plants before they oan become large enough to withstand the movement* 

Wave action, of course, oan produce turbidity which cuts down the 
amount of light and thus the amount of plant life. Turbidity from whatever 
cause is most harmful to plant growth* 

Shade, especially on streams, cuts down production of plants. Large 
numbers of floating plants, such as water lilies, can reduce the growth of 
bottom plants by reducing the light penetration. These floating plants can 
also seriously reduce the plant plankton through the light reduction* 

Aquatic plants require nutrient materials in order to grow. Among 
the materials needed are carbon dioxide, lime, nitrates, and phosphates. 
Lakes in which these elements are not plentiful do not have luxuriant weed 
beds. Also waters that are very soft have few plants as a rule. Waters 
from rich, fertile farm land draining into the lake or river aid greatly in 
producing the necessary fertilizer elements for plant growth. Waters from 
very poor farm regions or waste lands do not- provide the material in adequate 
amounts for good growth. 

At times waters entering a lake or stream may contain harmful chemicals 
which reduce or completely eliminate plants* Acid water from coal mines or 
other places will destroy plants. Pollutant materials from factories or 
other industrial plants can be most harmful. In some very hard water lakes 
the deposition of lime on the plants will seriously reduce the vegetative 
growth. 

Some species of algae, especially some of the blue-green group, can 
become so abundant as to utilize most of the nutritive material, leaving 
little for the other species. Or some other algae may grow so abundantly 
as to smother out the higher plants through reducing the amount c f light 
reaching them. Some filamentous algae can so cover the bottom th.t the 
seeds from the higher aquatic plants cannot reach the bottom soil u .o germinate. 

Plant eating species of fish and other plant eating animals may be 
so abundant as to seriously reduce the aquatic vegetation. Some spvnies, 
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through their habits of stirring up the bottom in search for food, may aid 
in holding plant growth down through Increased turbidity as wpll as by 
rooting up the small and large plants. 

Excessive growth of the plants may tend to self destruction by creating 
suoh a thick mass of rotting parts as to smother out new growth in following 
seasons* 

The activities of man also can destroy vegetation beds* In nan's 
desire for clear water and beaches for swimming) he many times goes to 
great lengths to remove weed beds* In seining for fish he destroys much 
vegetation* The use of boats, especially motor boats, can contribute to the 
turbidity of the water, thus reducing the light penetration and thus the 
plants* 

The fishery biologist must study each body of water thoroughly to 
determine the role that the aquatic plants are playing* In some bodies of 
water it may be necessary to encourage the development of weed beds* In 
other bodies of water it may be necessary to take measures for the curtailing 
and even elimination of some aquatic plants. 

The fishery biologist oan do a number of things to promote the growth 
of plants if this is deemed necessary* Fertilization of the water oan con- 
tribute to the required nutrient materials to aid in plant growth* Seeds and 
plants may be introduced into lakes to promote growth of weed beds. The 
standard practices for reducing turbidity may be put into use and by reducing 
the turbidity promote plant growth. Elimination or reduction of the species 
of fish which destroy vegetation may be effective in promoting weed growth* 

If excessive vegetation is a problem, then other measures may be 
tried* The mechanical reduction pf the vegetation is one means. Many devices 
have been developed for this work* Fish which depend upon vegetation for 
food may be introduced or measures taken to promote their increase, if 
present* 

Chemicals may be added which will destroy the plants, but which will 
not kill many of the fish* There are a great many such chemicals available 
now, and "more are being developed and tried each year, beoause excessive 
vegetation is much more the problem than is the lack of vegetation in most 
natural waters* The chapters on Field and Laboratory Techniques, and on 
Lake and Stream Improvement contain additional information on the management 
techniques* 
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Chapter X 
Pollution 



Pollution is the discharge into water of any substance which may 
become harmful to the plants and animals in the water and unfit for human 
consumption. The materials so discharged into the water are called pol- 
lutants. 

The effects of pollution on fish life may be either direct or 
indirect. Some of the direct effects are mechanical injury to the body, 
especially the gills. Abrasive compounds may cut and erode the delicate 
gill membrane. Some salts and acids will corrode these membranes or may be 
deposited on them, cutting off the respiratory surface from the oxygen 
supply. Other chemicals are directly toxic to the fish. The osmotic 
pressure may be changed by the presence of salts. Freshwater fish will 
die when the osmotic pressure rises above that of their blood. 

Indirect effects include the covering of the spawning beds with 
silt and other material, the decreasing of oxygen through addition of 
oxidiaable material, the increase of acidity or alkalinity beyond the 
tolerable limits, the destruction of food organisms or rendering them unfit 
for food, the stopping of migration, and the more rapid filling in of lakes 
and ponds. 

Pollutants are generally divided into four major groups: 

1. Sewage; 2. Industrial wastes | 3* Mining wastes; and 4. Silt from 
erosion. Of these four main groups, sewage is probably the most widespread, 
though usually not the most detrimental to aquatic life. Sewage, in 
moderate amounts, entering a lake or stream may actually produce conditions 
of enriched fertility and produce more plants and animal 3 than non-sewage 
polluted waters. However, these polluted waters are a hoalth menace to 
humans, create waters unfit for recreational uses such a: swimming and 
bathing. Continued dumping of sewage soon removes the boieficial effects 
and the harmful effects come into evidence. Oxygen is decreased through the 
oxidation of the pollutant material and becomes so low ir concentration even 
in running waters as to cause death of fish and other organisms. 
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The dumping of raw sewage into lakes and streams is something that 
should be eliminated. It is a practice that cannot be tolerated in modern 
times and with increasing populations it is not feasible to waste valuable 
water by pollution. It is necessary to establish sewage treatment plants 
where the sewage is properly treated* The effluent from a properly run 
sewage treatment plant is clean and clear, free from disease germs 9 odorless 
and largely free from oxygen-consuming substances. It retains the fertilize 
ing elements which can aid in increasing the productivity of the waters. 
Only in a few places may this fertilizing effect be harmful. Some lakes 
which already have sufficient fertility may be harmed by the addition of 
more fertilizer. When these oonditiono are found, it may be possible to find 
other means of disposal of the effluent if the waters involved are deemed 
valuable fishing waters. 

Industrial wastes are of a wide variety and are the by-product of 
the manufacture of some item of food, shelter, clothing or other material of 
value or necessity to man. They create a huge problem for the fishery 
biologist and sanitary engineer whose job it is to control the disposal of 
such harmful products. The effects of industrial waste are much the same 
as those of sewage , but in addition there are some industrial wastes that 
are directly toxic to the plants and animals. Again there may be some 
beneficial effects from some effluents through fertilizing effects. The 
problem of evaluating and controlling these substances calls for cooperation 
between the industry owners, the fishery biologist and the sanitary engineer. 

Many of the industrial wastes are directly poisonous to the fishes. 
Others may make the water condition intolerable for the fish, causing them 
to leave the area although it does not kill them; They may stop migration 
of fishes upstream and keep the fish from their spawning grounds, *hus 
reducing the fish population. 

Many of the industrial wastes can be treated and rendered harmless 
to aquatic life, and where this is possible every effort must be made to 
enforce the laws governing treatment of wastes. 

Mining wastes are also detrimental to fish life. Included in mining 
wastes are the brines and oil from oil wells. These materials are vary 
harmful to the fish and their habitat as well. There are many met hod v 
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available for the control of oil wastes and these should be applied wherever 
oil wells are located. 

Soil erosion is also considered as a pollutant* The eroding soil 
entering the water covers up the spawning grounds, food supplies, and fills 
in lakes and streams reducing the productive zones of the water * Soil from 
rich farm land in addition to the above may also reduce the oxygen supply by 
bringing in much oxidisable material* Again there are many methods which 
may be applied to prevent erosion, and some of these will be discussed in 
the chapter on Lake and Stream Improvement* 

The determination of the exact effect of pollution is often very 
complex and difficult* The most obvious effect of pollution is a sudden 
large mortality of fish* By immediate sampling and testing of the water, 
the pollutant causing death may be found* However, the gradual effect or 
the accumulative effect are much more difficult to ascertain. Pollution 
experts have worked out in the laboratory through many tests the limits of 
toxioity of many pollutants* Yet even with these exact measurements, 
results in streams and lakes are often quite different* Other factors 
enter into the conditions and cannot be accounted for ahead of time* 

Based upon laboratory and field tests and examinations, certain 
means and standards can be set which apply in most instances* Standard 
textbooks on Water Analysis, Sewage Disposal, and Sanitary Engineering give 
these methods and need not be given here* 

In addition to the physical and chemical tests, there are also 
biological tests that can be made. One such test is the Tent Organisms* 
In this method certain species of fish are placed under controlled condi- 
tions in the suspected polluted water* The reaction of the fish to this 
water is recorded* Ooldfish are frequently used because they are a hardy 
species and survive under conditions which are generally more adverse than 
natural conditions* If the goldfish succumb to the conditionn imposed it 
is quite certain that other less hardy species will die. 

With the study of polluted waters there has been developed a system 
of index organisms. As pollution increases, the bottom fauna thanges* 
Organisms that are very sensitive to the pollutants decrease 01 disappear* 
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Other organisms are more tolerant of the pollutant and remain or Increase. 
By studying the bottom fauna one oan then deteot the degree of pollution by 
the organisms- present* 

In most instances there are three cones downstre&m from eaoh harmful 
pollution effluent* First is the Zone of Immediate Pollution. This is 
where the pollution enters the stream or lake, and is often aooompanied by 

odors or discoloration of the water* 

* 
Second is the Zone of Sepsis* This is the region of greatest effeot 

of the pollutant* In this region there is the greatest loss of fish or 
other animal and plant life* 

Third is the Zone of Recovery. This is characterized by the gradual 
return to normal stream or lake fauna and flora* The less tolerant forms are 
onoe again found, and there is the absence of the pollutant effects. 

Pollution oan and must be controlled. In areas where industrial 
development is being undertaken 9 steps must be taken to include in the cons- 
truction adequate measures for the curtailment of pollution* Laws should 
be made and enforced on all cities, factories and mines, and oil-producing 
establishments to prevent the destruction of the fisheries as well as to 
preserve the waters for human use* 
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Chapter XI 
The Diseases of Pish 

The diseases of fish, including parasites, present an important 
problem to the fishery biologist. The infestation of food fishes with 
parasites and tumors and sores from diseases makes the fish unfit for sale* 
When the infestation of a disease or parasite reaches epidemic proportions 
whole populations of fish have been eliminated. In fish cultural stations, 
where fish are considerably more orowded than in natural waters, the problem 
of parasites and diseases is of even greater importance. 

While considerable progress has been made in the identification of 
parasites and diseases and in the study of their life history, the problem 
of applying treatments is the major obstacle. In hatcheries and ponds it is 
possible to apply many techniques which have been developed, but in natural 
waters treatment is frequently impossible, even when the treatment is known 
and is effective. 

Usually diseases of fishes may be placed in one of the following 
categories! 1. Disorders resulting from external physical and chemical 
agencies) 2. Dietary disorders and deficiencies; 3- Tumors and carcinomas) 
and 4* Infections by debilitating or disease producing organisms. 

Under the first category are included the disorders arising from the 
adverse effects of the physical and chemical environment, many of which have 
already been described in earlier chapters. For instance, conditions of 
pollution will result in injury and death, although death does not always 
occur under conditions of pollution. Heavy deposition of silt from erosion 
may reduce the food supply and cause malnutrition in the fish. It does not 
grow normally and is less resistant then to other infections. Silt may also 
abrase the gill tissue and injure the fish through reduced oxygen supplies. 
Chemicals may be toxic to the fish, but in doses just below the lothal point 
may make the fish very sick and unable to grow or live naturally. If the 
pollution condition is corrected or of a brief duration, the fish survive 
but may take a long time to fully recover from the effects, thus affecting 
their size and weight. 
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Also included In this category are the traumatic injuries resulting 
from a number of causes* Collision with objects, bruising and abrasing the 
akin against sharp objects, unsuccessful attaoks by predators may all result 
in injuries which leave soars or oripple the fish in some way. These injuries 
may result in death, but more frequently the fish recovers but is less able 
to grow normally and resistance to other infections is lessened* 

Gas deficiencies and super saturations may also cause disease problems* 
The accumulation of oxygen and nitrogen bubbles in the blood streams may 
oause death, or if accumulated in the eyes may cause blindness. Lack of 
oxygen has been discussed earlier but is a condition which seriously affects 
fishes, as does the accumulation of other gases such as oarbon dioxide, 
methane, hydrogen sulfide. 

Rapid changes in temperature may also have an effeot on fishes, 
especially on developing eggs and young fry. These stages are very sensitive 
to the lowering of temperatures during their development. Death occurs 
very easily and many early spawners have their eggs destroyed by temperature 
change. The temperature of the water at the time of development has an 
effeot on the number of muscle segments and vertebrae. Rapidly rising 
temperatures shorten the period of development and in this way the number 
of segments and vertebrae. Occasionally this sudden change oan seriously 
affeot the development of a whole group of eggs causing many deformities. 
These deformities, while not causing death, do reduce the ability of the fish 
to live normally and they may become more susceptible to predation and 
diseases. 

Excess aoidity and alkalinity also have their effeot and may keep 

oertain species from inhabiting oertain waters. Should fish that are not 

accustomed to or adapted to these conditions be plaoed in these waters, 
death usually results. 

Dietary defioienoies produoe a number of changes 1: fishes. Dwarfing 
or stunting as a result of inadequate food is the most obvious. These 
stunted fish are short for their age, very thin and emaoiatod in appearance. 
Their lowered resistance also may bring about secondary infections. In 
hatcheries, where artificial foods arb prepared, oare must be taken to 
inolude vitamins, sinoe lack of vitamins produces disease in fithes as in 
humans. 
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Too muoh fat of certain kinds in prepared diets will cause fatty 
degeneration of the liver with serious consequences to the fish population. 
Generally, however, in nature these vitamin or special dietary diseases do 
not occur . Lack of food is the major dietary disease in nature. 

Pishes suffer from cancer and tumors the same as other animals* 
Again the causes of the cancer are unknown. Tumors or growths of and on 
other organs are quite common. Thyroid enlargement or goiter is common in 
fishes in regions where iodine is low in the water. Some modern cancer 
research is being oonductod using fish as*tho experimental animal because 
the tropical fishes being used can produce many generations in a year, and 
thus the researcher can trace more rapidly the development of suspected 
lines of transraittal. 

The fourth category, Infections, contains the largest number of 
fish diseases. This group includes the virus, bacterial, fungus, protozoan, 
worms, and all the other animal groups which produce disease or parasites 
on fishes. These diseases may either be internal or external. Only a few 
of the major or well-known diseases will be presented here, since space 
does not permit more. There are several books available on fish diseases 
and their treatments, and innumerable individual papers have been written 
on specific diseases and their treatment. 

Probably the most dreaded bacterial disease in fishes is Furunoulosis 
or Boil disease. Purunculosis is caused by Bacterium salmonipida and is very 
common, especially among trout and salmon. The bacteria get into the blood 
stream, and as they pass through the capillaries they tend to accumulate 
in small clumps and multiply rapidly and form lesions or boils in the flesh. 
These boils become full of pus and blood and may break open to form large 
ulcers. 

Among the protozoan diseases, the "Ich" is bhe most common in fresh- 
water fishes. This disease is caused by the protoz:a, lohthyophthirius 
multifilis. The most characteristic symptom of thi;\ disease is the presence 
of small grayish-white patches or swellings on the Tody and fins. The fish 
tries to rub these patches off by scraping along tin bottom or against 
objects in the water. In late staged of the disease the fish becomes 
sluggish and lies quietly on the bottom where it is <,'.sily captured. 
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A common internal proto&oan is Optoroitis salmonist which producea 
dysentery and can be a very serious disease in young fish. 

Saprolepnia parasitica is a common water mold which attacks eggs and 
fish, especially those that have been injured and the skin broken* The 
fungus grows in white patches with the root-like filaments penetrating into 
the skin and eventually into the flesh. In severe cases death is produced. 
In certain temperature conditions saprolegnia will attack eggs in their 
nests and completely smother them. 

Tapeworms are common in fishes and some may be transferred to man, 
One species which is found in man, dogs, fish, bears, raccoons, and ether 
animals is Diphyllcbcthriuro la turn. There is no danger of acquiring this 
parasite if the fish is properly cookod. Only by eating raw or poorly 
cooked fish can this tapeworm be acquired by man. 

Various roundworms are found, also. Among the more widespread is 
the yellow grub, Clinoatomum aj^riajujn. The adult worm lives in the mouth 
of a water bird, usually a heron. Eggs are deposited in the water as the 
bird feeds. These eggs develop into a free-swimming larva, and this larva 
enters into a snail where it undergoes a period of development and produces 
a number of other forms known as cercariae. The ceroariae leave the snail 
and swim in the water to find a fish. If they find a fish within a short 
time, they burrow into the fish and develop into an immature stage of the 
worm. If they do not find a fish they die. In the flesh after a brief 
period of growth the immature stage forms a cyst about itself and remains in 
this stage until the fish is eaten by a heron or other host bird. The grub 
is freed from its case by digestion of the flesh and case from around it in 
the heron 1 a stomach. When free the grub crawls back up the throat of the 
bird and lodges in the mouth, where it grows to adult and the cycle begins 
again. These grubs are not harmful to humans, but they do detract from the 
appearance of the flesh and most people prefer not eat grubby fish. 

Leeches cr blood suckers very often attach themselves t; fish and 
off of them. Seldom, however, do they destroy the fish. 
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Some varieties of olams have a parasitic stage in their development, 
when they must attach themselves to fish in order to be able to develop 
further. The larval forms are known as glochidia. Again, it is seldom that 
this gloohldia destroys the fish* If death results, it is probably because 
of some other parasite or infection which is present and resistance was so 
low that one more parasite was too much for the fish to support, or the 
wounds made by the glochidia in their feeding permitted the entrance of 
another disease which caused the death of the host, 

Among the Crustacea there are some parasitic forms. Two common 
oopepod parasites are Argulus and Lernaea. These are commonly called fish 
lice. They attach themselves to the gills or flesh of the fish and feed 
upon the fish. Again only in severe cases is death produced, but heavy 
infestations can seriously hinder the fish in growth and in general health, 

Even the fishes themselves have parasitic forms in their class. The 
lampreys contain several parasitic forms. The sea lamprey, Petromyxon 
marinus, has entered the freshwater Great Lakes of North America and through 
its parasitic habit have almost eliminated the lake trout from these waters, 
These lampreys attach themselves to the trout and bore holes into the flesh 
with their rasp like tongues and feed upon the flesh and blood of the host, 

Death does not always result from the infestation of parasites and 
diseases. Many fish continue to live, malformed, with malnutrition, and full 
of parasites. However, these conditions spoil the fish for ultimate use as 
food. Fish that are heavily parasitized with external parasites, such as 
the grubs, lose all attraction as a table fish. People do not wish to buy 
and eat fish that are obviously full of worms, even though they know the 
worms are not harmful to themselves. Other parasites produce soars and 
sores in the flesh which make the flesh inedible. Disease also causes the 
fish to 1>e in poor condition, they are thin and small, and few will buy 
fish that look in poor shape, 

Disease also may affect the reproduction of a species, even though 
it does not affect their general condition. The bass tapeworm causes the 
fish to become sterile since it lives primarily in the tesv.es and ovaries* 
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Thus it la of great harm to the general fish population by greatly reducing 
the reproduction of a desired species, 

For these and many other reasons the biologist must take what measures 
he oan to control and prevent diseases. The task is enormous in natural 
waters and often impossible under present knowledge. Yet no opportunity 
should be passed over. The fish culturist in the more controlled conditions 
of the hatchery has a much better chance to do something regarding diseases 
of fishes in his care. But also with the crowding of as many fish as 
possible into the area the problems of disease become even greater than in 
the natural waters, and great care and attention must be given to the proper 
handling of the fish or serious losses will occur* 
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Chapter XII 
Lake and Stream Improvement 

The purpose of lake and stream improvement is to provide the best 
environmental conditions for the propagation, growth and yield of the 
desired species of fish. Effective lake and stream improvement depends 
first on the recognition of the environmental requirements essential for 
abundant crops of fish and secondly on how these requirements can best be 
obtained* 

In earlier chapters we have discussed moot of the essential require- 
ments for good fish habitats, such as temperature, depth, size, dissolved 
oxygen and carbon dioxide, hardness, acidity, alkalinity, adequate spawning 
conditions, suitable shelter, vegetation, food and protection from depletion. 
All the essential requirements for a good yield must be present. 

It is the work of the fishery biologist to get the necessary inform- 
ation on tho body of water under investigation to be able to determine the 
factor or factors which are limiting the fish production. The factor which 
is limiting production may either be absent or prooent in very small quantities, 
too small to allow good development, or it may be in too great an amount. In 
order to find out which situation applies, the biologist must make his studies 
of the habits of the fishes present, and a comparative study of the waters 
in his region. 

It is therefore necessary to make observations as to when and where 
the fishes spawn, what sort of shelter they prefer, are they migratory or 
not, if migratory when do they migrate, what are the fishes enemies, are 
these enemies present in the lake in abundance, what food is preferred by 
the fish. This information may come from investigations by the biologist, 
from the reports of other biologists either written or verbal. 

The comparison of local waters will provide information on what may 
be lacking in certain bodies of water. A body of water which is producing 
well is studied in detail, and another water which is not producing well is 
studied In the same manner. By checking item by item of the essential 
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factors, it may "bo possible to determine which is limiting production, 

The last chapter of this book contains the methods for conducting 
the lake and stream surveys, and provides samples of record forms for keeping 
the information obtained. Once the data is obtained and comparisons made with 
the known essential requirements of the fish, then steps can be taken to 
correct the deficiencies. 

There are many bocks and articles written on the methods of lake and 
stream improvement. The methods used in other countries and areas can be 
used as a basis for any local work. The basic principles are the same, but 
adaptation to local conditions and materials is necessary, and is a most 
important role for the biologist. It is for the biologist to determine the 
elements that need correcting and to decide the best method for accomplishing 
this correction, 

Some general principles, however, can be presented, A suitable water 
supply is, of course, a primary essential. The elimination of pollution is 
necessary to keep a good water supply. Control of erosion both in streams 
and in lakes may bo necessary. If the banks of the stream or lake are 
continually being washed into the water, the silt and sand will cover up 
food supplies, fill in pools and generally destroy the fish habitat. There 
are many methods for eliminating erosion, and some of these extend consider- 
able distances from the water itself. Farm land or out-over timber land on 
the watershed may need to be stabilized before any work is done on the stream 
or lake itself. It is essential to get to the source of the trouble and 
correct it. Once the source is located and corrected, then work may proceed 
with good results in the waters. Devices can then be put in the stream to 

clean up the effects of the deposition of the silt. Deflectors, and dams, 

t 
and digger logs and other corrective devices can bo installed to keep the 

current moving faster so as to carry the silt away, to dig pools and provide 
shelter. 

Once the water supply is corrected, other items may increase of their 
own accord. If the lake is too shallow, it might be possible to increase 
its depth 'by building a small dam at the outlet. A constant level of the 
water ia an essential factor and a regulatory dam on the outlet may aid in 
this. If a lake is considered too deep, little can usually be done to 
correct this. Then the problem is to get the most production based on 
this limiting factor, 



Adequate spawning conditions for the desired species may also be 
provided* In streams it may be that gravel beds are essential. In this 
case* If they are covered by silt, the construction of devices to speed up 
the water current may clear the gravel through the swifter waters carrying 
off the silt. If gravel is not present, it may be possible to haul some 
in from other sources and create a gravelled area in the stream or lake for 
spawning* If vegetation or pools are needed, other devices can be used to 
provide these* Sometimes it may be necessary to destroy spawning grounds 
if over-production of fry is found to be a limiting factor. Too many fish 
are as big a problem as too few fish. 

If vegetation is needed and the factors limiting its production 
have been corrected, it is possible to speed up the development by seeding 
and transplantation. If vegetation is too abundant, methods are available 
to eliminate or greatly reduce it. In place of vegetation on barren, 
waveswept shore areas, it is possible to install brush piles. These piles 
of brush afford shelter, protection from enemies, and for some species a 
spawning ground. The brush piles also may substitute for vegetation for 
certain insects who need some surface off the bottom to develop. Algae 
and lower animals such as protozoa and worma may develop on the brush and 
offer food for fish or their food organisms. 

The improvement in food supply may also be necessary. Sometimes 
the food supply is lacking or very scarce for certain desired species. 
Finding the limiting factor of the food supply and taking corrective 
measures is as important as the study of the desired species. The 
correcting of pollution and erosion may increase the food. Sometimes 
reducing vegetation and shelter to permit the fish to have access to 
avaialble food supplies is necessary. Other tiroes it is necessary to 
protect the food supply to permit it to build up to a suitable quantity. 
The application of fertilisers may start a whole chain of events. If the 
waters are limited in the essential plant chemicals the application of 
these elements will Increase the plant life, especially the plant plankton. 
In turn the animal plankton and other animals feeding on vegetation can 
Increase due to increased food. With an increase in these forms, other 
animals feeding upon them may become more abundant or larger and so on 
until the food for the fish is increased. 
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Care must be taken of course not to over-develop the factors, which 
oan be harmful. Too much fertiliser oan produce too much vegetation which 
can reduce oxygen supplies and destroy moat of the fish* Too ouch shelter 
oan reduce the site of the fish by permitting too many fish to survive for 
the food supply* 

It is also necessary to make continued studies and keep records of 
the oat oh* Fishermen may take too many fish in their netting operations 
and so reduce the population that unde sired species may become dominant 
or leave too few fishes to adequately restock the waters* It is essential 
to keep accurate records of the catch* 

Studies of the age and growth of the fishes aids very much in the 
determination of how well or poorly the water is producing* Good growth is 
reflected in the condition of the fish and on its scales* By studying the 
growth of the fishes and establishing norms, it is possible to keep a close 
check on changes taking place* 

The improvement of lakes and streams is not a temporary or one-time 
work* It required constant attention and reohedking and adjustments in the 
management plans* 
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Chapter XIII 
Commercial Pishing and Utilization 

The principal aim of lake and stream improvement and management is 
to provide the largest population of desirable fishes that the body of 
water oan produce. The ultimate end of this population is for human con- 
sumption. Fish provide a very excellent food and one rich in protein* 
Therefore, in any management plan the utilization must be considered. 

In order to manage the fisheries properly, one must have a knowledge 
of the methods of commercial fishing and the gear used. There are a great 
many different types of fishing gear, and space does not permit describing 
all of them. Only a few which may have application in this region or are 
currently being used will be considered. 

The spear is probably the oldest form of fishing gear. It most 
likely started as a pointed branch from a tree and gradually developed into 
one consisting of a metal tined head on a wooden shaft. While this method 
is still used, it is a very slo'f and tedious method, and generally a poor 
producer. It is most effectively used on migrating populations in shallow 
waters . 

The hook and line method is also quite ancient in origin and is 
still in use. The method varies from a single hook on a line, to a line 
several miles long with thousands of hooks. The single line and hook is 
generally used for sport fishing, although in some areas commercial fishing 
may be done in this manner. Usually, however, one of several methods of 
long lines and. many hooks is used commercially. A common method in inland 
waters is the trot line. This trot line may either be anchored or allowed 
to drift depending upon the species sought or the area fished. For bottom 
feeding species it is usually anchored. A float is put into the water and 
an anchor line of sufficient length to reach the bottom is let out and the 
anchor attached. The main line to which are attached the hooks is fastened 
to the anchor and let out of the boai. The hooks are fastened to the main 



line by short lengths of line and are usually baited. The hooks are so 
spaoed that they will not tangle with one another* When the. long line is 
completely set, it is attached to another anchor to which another float 
line is also attached* This float line is let out to a sufficient depth so 
that the anchor reaches the bottom and another float is attached* If very 
long lines are used, it is customary to add several anchors and floats in 
case the main line should break it is possible to recover most of the gear* 
This method can be used in rivers, lakes or the sea* 

If a drift line is desired for species which live in mid-water or 
near the surface, anchors are not used and there are more floats used to 
suspend the hook line* The line then drifts in the current or as the wind 
moves the floats* 

Another hook and line gear is the trolling line* which again may be 
a single line and hook or a number of hooks on the lino, or several sets of 
hooks being towed behind a slow moving boat* Various types of hooks may be 
used* Some will be simple iron hooks to which bait is attached, others will 
have metal spoons or spinners, feathered Jigs, plugs, etc. The type of hook 
and lure depends on the species sought, the season, the locality, or the 
preference of the fisherman* 

Another type of fishing gear is the maze or barricade which consists 
of leading the fish into an enclosure from which escape is difficult. This 
type of gear includes fish pots, fyke nets, pound nets, weirs and racks* 

The pot is a small portable trap which may be made of wood, wire, or 
fiber netting* It has a small entrance through which the fish enters* The 
shape of the pot varies with the locality and species taken* They may be 
cylinders, rectangles, half rounds, or ovals* The pots are usually most 
effective in capturing slow-moving fishes that move about on or just off the 
river or lake bottom* Catfish, eels and oarp are frequently taken by these 
pots* 

The fyke net is a shallow water gear and is used widely in rivers* 
It consists of a long net bag mounted on several hoops* There are one or 
more net funnels suspended from the hoops which prevent the fish from readily 
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soaping onoe they have entered the narrow funnel opening* Sometimes short, 
vertical wings are attached to the first hoop which aid in guiding the fish 
into the fitfst funnel. The net may either be set with anchors or with 
stakes* The fyke nets may also be used in lakes , especially in the places 
where fishes are known to move about. 

The pound net or trap is very efficient for migratory species which 
follow shorelines* It consists of a very long lead or fence which directs 
the fish into a V-shaped construction called the heart, where the fish 
continue to follow the webbing into the pot or crib where they are trapped. 
This type of net or trap may be very simple or very complicated in construc- 
tion. The simplest type is made by driving stokes of wood or metal into the 
shallow bottom to form a fence. At the deep end an enclosure is built of 
the same material. When sufficient fish have accumulated they are seined 
or dipped out. More elaborate traps are made of fiber webbing and may be 
suspended from driven posts, or may be self-suspending from buoyo and 
anchors. Net traps are usually set in deeper water than the simple trap 
of wood and are raiaed to the surface to remove the fish. 

Stream weirs are used to block off migrations. The weirs may be 
stakes driven into the bottom to direct the fish to a trap or removal pot. 
A simple stream weir used here in Syria consists of stakes driven into the 
ground at an angle. As the fish move downstream they come in contact with 
the slanted weir stakes and the current forces them up onto the slanted 
stakes where they are easily picked up by the fishermen. 

There are two main types of entangling gear, the trammel net and the 
gill net. The trammel net is a flat net consisting of three separate webs* 
The two outer webs are of large coarse mesh and are called walls* They are 
equal to the depth of the net. The inner web is fine meshed and is usually 
about five times as deep as the outer webs. The three webs hang vertically 
from an upper or float line and have a lower or lead line. As the fish 
swims into this net it pushes the inner mesh through the outer web mesh 
which forms a pocket from which the fish cannot escape. Trammel nets are 
rather widely used along the Mediterfanean Coast for sea fishes at the 
present time. However, the trammel net is considerably more costly and 



256 



takes much more care in setting and in removing the fish than the straight 
gill net. 

The straight gill net is a flat net with a single layer of webbing 
which is suspended in the water vertically from an upper cr float line and 
a lower or lead line* 

The gill and trammel nets may be set in many different ways, depend- 
ing upon the species of fish sought. The three most common ways are the 
float or drift method, the stake set, and the anchor set. The float or 
drift method is the most common method for the trammel net. The net is set 
so that it floats at the surface, the lead line containing only sufficient 
lead weights to keep the net hanging vertically but not pulling it beneath 
the surface. The surface pelagic species may be caught in this way. The 
net floats or drifts in the wind and current. 

A staked net is one suspended from stakes or posts, firmly imbedded 
into the bottom. It is principally used in bays and estuaries of rivers, in 
shallow lakes and in slow moving rivers. 

An anchored net is one that is held in place by an anchor line. It 
can be used in deeper waters than the staked method. 

Another method of fish capture is the encircling method. This method 
includes all types of nets which take fish by manipulating the net around a 
group of fish, or scoop them into the net, or are cast over the fish. In this 
group are the seines, dip nets, trawls, and oast or throw nets. 

A seine is a flat net of considerably heavier cord than the gill nets 
and is made in many styles. Generally it has a pork or float line and a 
bottom line or lead line. The length may vary from one meter to 1,500 meters 
or more, and in depth from one meter to 30 meters. The seine may also be 
tapered so that the middle section is twice or more times the depth of the 
end sections. The beach seine is usually set from a boat with one end set 
near shore and the net let out in a circle so that the other end is brought 
in near the shore again, and then the net is pulled into the shore from both 
ends. Sometimes the seines are set from boats and pulled up to the boat 
away from the shore in open water. 
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The dip net is usually a large square of webbing attached by the 
four corners to ropes which are fastened to the end of a balanced pole* 
The net is lowered into the water and when fishes swim over it, the net is 
quickly lifted forming a pocket in which the fish are trapped. 

Another form of dip net is a bag of netting fastened to a hoop on 
the end of a pole or sometimes is fastened between two poles . These are 
scooped through the water in an attempt to take fish* 

The throw net is a light circular net somewhat bell-shaped with 
weights around the entire edge. It is cast over a school of fish and the 
weighted edges sink rapidly encircling the school. The net is hauled in by 
a line attached to the center. The weights bunching together at the base 
when it is hauled in prevents the fish from escaping. 

As was stated earlier, there are many hundreds of variations to 
the nets described above. Bach country or region has its own preference 
and adaptations. However, these adaptations should not preclude the trying 
out of new methods. In many instances the tradition of using a particular 
net results in a great doal of work and very little returns. As new methods 
and equipment are devised and proved useful, the fishermen should adopt them. 

Once the fish has been captured, the 'problem of care and disposal 
becomes of utmost importance. The small operator who takes but a few kilo- 
grams at a time usually disposes of his catch in tho immediate vicinity. 
With large operators, taking tons of fish at a time, the problem of care 
and disposal ia a great one and thousands of dollars of equipment are 
needed. In this region our problem is one of medium sized operators who 
take up to one ton at a time. 

At the present time in Syria the bulk of the fish taken are sold 
in a condition known as "in tho round ff or "whole". They are as they come 
from the water with all the intestines in thorn. Tho main problem of fish 
in this 'condition is one of freshness. The fish begins to deteriorate 
as soon as it is dead, and leaving the intestines in hastens the process 
of spoiling. This process of spoiling can be slowed down by the placing 
of the fish in ice boxes, but few fish in Syria are so handled. They stay 
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for hours after capture in the bottom of the boats or in baskets and piles 
on the shore. When the fish are shipped to the larger cities, sometimes ioe 
is added to the boxes , and in the city markets the fish are usually on ioe. 
However, much spoilage has taken place and the fish have lost much of their 
freshness and have aoquired tastes from the decomposition that has taken 
plaoe . 

It would be most desirable and probably should be required that the 
fisherman would immediately upon capture remove the intestines and put the 
fish on ioe. This would greatly improve the quality of the fish and permit 
them to be held a longer time. A slightly higher prioe would be charged 
for the cleaned fish, but the buyer would still receive the same amount of 
meat for the same price, since he has to discard the intestines anyway, and 
has paid for these at a lower rate. If the fish were cleaned he would 
receive a much better product to eat. 

The establishment of refrigerated store houses at the main centers 
of fishing to store small oatohes for two or three days until a full refriger- 
ated truck load was available would be of great assistance to the fish trade. 
Small store houses made from local building materials could easily be built. 
These buildings should be lined with a waterproof material so they could be 
easily cleaned. By using these refrigerated store houses, it would make it 
profitable to invest in larger refrigerated trucks which in turn would reduce 
the costs of transportation. A truck taking two tons at a time is cheaper 
to operate than making four or five trips in a small pickup. 

While there are methods of preservation such as deep freezing and 
canning, the quantities of fish /taken in Syria do not warrant the use of such 
methods. Not a large enough quantity is taken to make a profitable business. 
It might be possible for a few small operators to set up a smoking plant 
and prepare some smoked fish, which do keep slightly longer than fresh fish, 
but again it is a question of local tastes. Some people do not like fish 
prepared in this manner. 

It is believed that for the present, however, the Syrian fisherman 
and merchant should concentrate on getting -their fish to the people in the 
freshest possible condition as described above. This can be done very 
easily and with the minimum of investment. Yet, if done, it is believed 



a better prioe may be obtained for the fish and the people will have a 
better product to eat. 

It is further believed that if refrigeration is established at the 
main fishing centers that the fish production of Syria can be considerably 
increased* At present the fishing is limited to a few oold winter months* 
With refrigeration storage , the cleaning of the fish immediately upon 
removal from the water and immediate icing, fishing oould be carried on 
most of the year* It is believed that the fish production in the main 
waters is not being utilized to its fullest extent. Indications are that 
considerable quantities of fish oould be obtained especially in the late 
spring and early summer and in early fall, periods which are not now fished* 

Experiments should be conducted on the use of different nets and 
other means of fish capture than are now in use* 

The Fisheries Department should also make plans for supervising 
the commercial fishing* Regular statistical and reporting on catches 
should be made and a close check kept on the biology of the commercial 
species in order to regulate the catches* If this control is kept there 
should be little danger of overfishing or depletion of the stocks* On 
the other hand* constant check can also indicate the need for additional 
netting to prevent overpopulation and a slowing down of the optimum growth 
of the species* Proper management will insure the greatest number of 
fishes over the longest period of time* 

In addition to the acploitation of the natural waters, there are 
some places in Syria where Fish Cultural stations oould be established* 
Information on these places and methods for establishing and operating 
such stations may be found in the report on Fish Culture in Syria* 
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Chapter XIV 
IHSTRPCTIQgS FOR COLLECTING DATA OH FISHERY BIOLOQT 

It is essential that certain standard procedures be adopted in the 
collecting of field data, the maintenance of records 9 and in report prepara- 
tion. Therefore, the following instructions have been prepared and they 
should be followed until further instructions are issued 

BIOLOGICAL DATA 
I* Collecting Pish 

The methods used in collecting samples of the fish population of a 
lake or stream will be determined by the water to be studied* Fish may be 
collected by gill nets, seines of various sizes, trapping in weirs, trap 
nets, fyke nets or electrical fishing devices* In streams, seining of 
typical areas (both pools and riffles) is one of the best methods* In lakes 
and larger rivers* gill netting* supplemented by seining* is probably the 
best* In brief 9 surveys and preliminary work, the use of the graduated 
mesh gill net (known generally as the experimental gill net) is recommended* 
If an intensive long-range study is made, the use of single mesh nets over 
the effective mesh range is probably the most satisfactory method* Other 
nets nay be used in areas where experience has shown them to be effective* 

Nets are to be set in the various habitats in the lake so that full 
coverage of the lake is obtained, since some species inhabit certain types 
of areas and not others (shoreline vegetation dwellers as compared to open 
water or deep water species)* 

The data asked for on the fish collection form should be filled in 
at the time of collecting* Where figures given are estimated* the letter B 
should be placed after the number given* 

A sample of fishes should be p^re served in 10$ formalin (add 9 parts 
cf water to 1 part of ordinary commercial formaldehyde , 38-4096). After * 
week in formalin the specimens should be transferred to water for at least 
two days to remove the excess formalin* The water should be changed at least 
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once, then the fish should be put in 70/& ethyl alcohol (or 40$ isopropyl 
aloohol) for permanent keeping. Larger specimens (over 150 mnu ) should be 
slit along the right side of the belly for about 3 centimeters to let the 
formalin into the abdominal cavity to preserve the intestine. 

A label on strong waterproof bond paper should be put in each 
collection jar, giving the date, place of collection, collection number, and 
the collector* The writing on the label should be in soft lead pencil or 
waterproof ink. 

II. Taking Fish Measurements and Scale Samples 

Certain data should be taken from the specimens collected in order 
to determine fish production, condition of specimens, productivity of the 
water, age and growth rate, etc. 

The following data are to be recorded on the length-weight record 
form or scale envelope, according to the situation. 

Lengtht A measuring board should be obtained for the accurate 
measuring of the fish caught. The fish should be placed with its snout 
against the end board with Just enough pressure applied to close the 
mouth into its normal position if it should be open, but not enough 
pressure to flatten out the snout and cause a distortion in measurement. 
Two length measurements may be taken, depending upon the needs of the 
study: 

Total Lengtht Prom tip of snout with mouth closed to tip of the 
tail with lobes squeezed together, fteoord to neareot millimeter, 

Standard length! Prom tip of snout with mouth closed to end of 
backbone (to structural base of caudal fin rays). Record to nearest 
millimeter. 

Weight! Depending upon the balance usod and size of fish, 
weight is given to the nearest gram or 5 grams. 
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Sex i Determine the sex whenever possible* This is usually difficult 
in small, immature fish. Record determination as f (male), (female), 
or ? (not determined). 

State of organs i This refers to sex organs. To standardize the 
classification of sex organs the following will be useds 

During the SPAVJNING season of a species, the organs will be classified 
asi 

Immature - no visible eggs or milt 

Mature - indicates eggs or milt present , but not ready 
for spawning. Slight pressure on abdomen does 
not release them. 

Ripe - contain mature eggs and milt and are ready for 
spawning. Slight pressure on abdomen 
releases them. 

Spent - fish have spawned. 

During the remainder of the year, the fish will be classified ass 

Immature - no visible eggs or milt. 

Mature - eggs or milt present in some stage of 
development. 

Gear* If collected by gill net, write in this space the mesh of the 
net in which the fish was caught, stating whether bar or stretched measure is 
used. Example i Gear 23 mm bar. 

If* collected by seine, write in 3, then the length of the seine, then 
the mesh of the seine stating whether bar or stretched measure is used. 
Example; Gear S - 3 - 5 "bar which indicates the fish were taken in a three 
meter long seine of five millimeter bar measure mesh. 
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Date 



Lake or Stream 



Colleotor 



Method of collection 



Speoiee 



Sex Height 



Length 



Sex 



Weight 



Length 



Sex 



Weight 



Length 



Sex 



Weight 



Length 
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OILL HET RECORD 



Location 



Depth of get 



- o 

Date 



&JI 



Hours aet 



Time lifted 



Time of set 



Net length 



Net meoh 



Time 



Water 



Preceding 



Air t Temperature 

*W * olr ^ 

Present t Weather 



<j* *r 

Turbidity 


Color t Water 


Vegetation 

^i .-.n 


Type of bottom 

, , .1 Itl ...^ 



Field collection Number 



Collector 



Numbers 

J^-Vi 


Sex condition 
^^Jf^^l 


Size range 

^-^i JIJ-U* 


Aver. Length 
J^JJ'Ja.. 
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The mesh sizes are Important In determining to what extent a given 
sample is representative of the total population and in reports the type of 
mesh measurement - bar or stretohed - should always be stated* 

Scale sampling! Eventually the age and growth rate of certain speoies 
of fish will be studied and some collection of scales oan be taken in advance 
of these studies to provide increased numbers for study, as veil as for ad- 
ditional years of reference when the final study is made, 

The utmost care should be exercised to give all the information 
called for on the scale envelopes, being sure to take the scale samples 
as described below, 

The scale sample should be taken from the left side of the fish Just 
below, but not including the lateral line, on the anterior one-third of the 
body* 

The scales are best removed by soraping with a scalpel. Remove the 
soales and plaoe in the envelope, being sure that there are no soales 
adhering to the scalpel before taking the next sample, 

III, Stomach Analysis Procedures 

The techniques of stomach analysis used depend upon the results wanted. 
If only a general idea of what the particular speoies was feeding upon at the 
time immediately before capture is wanted, the simple removal and cutting 
open of the stomach and the cursory examination in the field is adequate, 
Notes oan be recorded on a field data blank of the findings, 

When a more detailed study is desired, several procedures oan be 
used. Two will be described here, and in general will apply to the majority 
of stomach analyses work, 

The field collecting techniques for both methods is the same, 

1, Out intestinal canal immediately behind the pharynx and In front 
of the anus. Remove with no effort being made to separate it from 
the liver and pancreas, 

2, Wrap* the entire mass in cheesecloth with label plaoed inside* General- 
ly it is convenient to make a fold or two over the intestine before 
Inserting the label. This will aid in keeping the label legible* On 
the label gives Speoies, length, weight, sex, location and collection 
number, 



-------- - 
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Laboratory Analysis for Carnivorous or Omnivorous Species 

1. Bemove from the formalin jars the number of packets which can be 
completed in a regular work period and soak in water for 24 hours* 
This will remove most of the unpleasantness of the formalin . Caution 
must be used not to leave samples in water longer than 48 hours or they 
will start deteriorating-* A deformalizing solution also can be used 
very satisfactorily* 

2. Place individual digestive tract in a petri dish or other suitable 
container and remove all foreign matter (fat, liver, pancreas, etc.) 

3. Remove stomach, cut open, flush cut organisms with bulb syringe cr 
wash bottle. Some particles may still adhere to stomach walls and 
these should be picked carefully with forceps. Use as little water 
as possible in washing out contents. 

4. Examine contents under dissecting microscope, separate, identify and 
enumerate organisms present. 

5 Place the individual organisms or groups of organisms on a blotter 
for not over one minute to remove excess moisture. 

6. After this brief drying, place the various individuals or group of 
individuals in a centrifuge tube containing 5 cc. of water and record 
volume displacement for each. 

7. Compute the percentage of total volume of each organism or group present* 

8. If there is a large amount of plankton present, pour sample into 
centrifuge tube and allow to settle for 15 minutes. Record the 
volume of plankton. Then dilute to 5 or 10 oc. and gently mix 
concentrate by inverting tube several times. With a 1 cc wide-mouth 
pipette immediately remove sample before planktors settle, and fill 

a Sedgwi ok -Rafter cell as for plankton analysis. Count organisms and 
multiply by dilution and record total numbers. 

9 When volume of any organism is less than 0.1 oo. record as T. for 
trace . 
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10. Use symbol < 0*1 oo for less than 0,1 oo in grand total * 

11. Fish found in stomachs should be identified if possible. Also measure 
to the nearest millimeter if whole, 

12. A record sheet should be made out for eaoh stomaoh examined, even if 
empty, 

13 Under comments include such information as kind and number of parasites 
found 9 information as to abundance of winter or summer eggs of cope pods, 
eto. 

14* Preserve and label any organism not previously found, 

15 Stomaoh contents are identifiable or not. Do not clutter up record 
form with question marks, 

Laboratory Analysis for Herbivorous Species 

1, Remove packets as in Number 1 above, 

2, Same as Number 2 above, 

3, Obtain a 2 co. sample from the most anterior part of the intestine. In 
some oases the entire contents of the whole intestine will be needed 
and the sample will still not equal 2 oo, 

4, Place 2 oc or entire sample if less than 2 oo in a centrifuge tube. Some 
packing may be necessary to remove air bubbles. A gentle stirring with 

a teasing needle should be sufficient for the purpose, 

5, If 2 oo, sample is obtained, dilute to 10 oo, level. Stir and shake 
to break up any large clumps of some forms. 

If less than 2 oc, is obtained, dilute proportionately. For example, 
if a 1 oo sample is obtained, dilute to 3 oo; if 1. 5 is had, dilute to 
7t5 oo., eto. This will give a constant dilution of the oonoentrate, 

6, With a 1 oo widemouth pipette remove a 1 oo, sample and plaoe in a 
Sedgwi ok -Rafter cell as for plankton analysis and count organisms and 
multiply by dilution and record total number on record form. 
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7. Occasionally large clumps of algae and other vegetable matter will be 
injected. Estimate the percentage by volume this material makes up of 
the total and remove from sample and follow above procedure. This food 
material which cannot be counted should be considered separately and 
given only a percentage basis. Other countable items are expressed in 
percentage by numbers. Thus the sura of the percentage items counted 
will total 100$. For example, a carp sample was made up of 50$ algal 
mass and 50$> countable forms. Of the countable forms, oladooerana made 
up 90?b and oopepods 10$. 

8, Stomach contents are either identifiable or not. Do not clutter up 
record form with question marks. 

IV, Plankton Samples 

Two methods of plankton sampling may be used, depending upon what 
information is desired. If the investigator is primarily interested in what 
organisms are making up the plankton population of the lake, and the general 
quantity of the plankton crop at the time of the survey, the QUALITATIVE 
method is recommended. 

However, if the Investigator is planning a long-range study of 
plankton, the abundance of each species, and at what depths they are found, 
and the total plankton production throughout the entire period of study of 
the lake, then the QUANTITATIVE method must be used* 

Since for the present, it would appear that only the former method 
need be used, only it will be described. The quantitative method details 
when needed, can be found in standard textbooks, 

Qualitative Method of Plankton Analysis 

Two types of collections may be made with the plankton nett 1. 
Vertical and 2. Horizontal. In lakes over three meters deep it is recom- 
mended that the vertical haul be used. 

In making the horizontal haul, row the boat only fast enough to keep 
the net fully extended and trailing Just below the surface. Hake hauls of 
lengths of 30 or 60 meters. Record length of haul. Follow steps 6 through 
9 below. 
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In making the vertical haul, the following procedure should be 
followed i 

! Anchor boat and take depth sounding* 

2. Permit boat to drift about 3 or 4 meters from the spot of depth sounding 
to avoid region of bottom disturbance. 

3* Wash net, if previously used, by dipping in water, being careful not to 
have water overflow the top. Rinse bucket well also to remove plankton 
adhering to it from washing operation. 

4. Subtract the length of the net from the depth sounding and lower net to 
that depth. Be careful not to permit net to touch the bottom as silt 
will spoil the count 

5. Haul net up at a steady rate of about 30 centime tare per second* 

6. Drain all water, rinse sides of net with water from outside, if there 
appears to be plankton adhering to net. Place sample bottle under 
bucket and open valve. 

7. Add 0.5 ml. of formalin (10$) for each 10 ml. of plankton and water. 

8. Pill out a label and add to bottle. Oive location, depth of haul, date, 
collection number and collector's name. 

9* If plankton sample is to be kept for a long time or carried for a long 
distance, fill the bottle completely with preservative and water at 
the same rate as above (?) 

Qualitative Laboratory Analysis for Plankton 

1. Allow sample bottle to stand 24 hours undisturbed. Draw off excess 
liquid, being extremely careful not to agitate settled plankton. When 
sample appears to contain less than 15 co of plankton, draw off excess 
liquid down to 15 oo, and empty into a centrifuge tube. Allow to settle 
for one hour and read and reoord the number of oo of plankton. 

If sample appears to contain more than 15 co. of plankton, draw to 
nearest 15 oo more than sample, 30, 45, etc., and empty into one, two 
or Acre centrifuge tubes, and follow procedure mentioned above. 

2. To determine the plankton production th- following formula is usedt 

oo of plankton in sarapli m oc of plankton 
0.01767 x length of hanl per cubic meter 
in meters 

T-P 
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QUALITATIVE PLANKTON ANALYSIS 
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3t Identification of plankters. For qualitative identification fill a 
Sedgwi ok -Rafter counting oell with a uniform sample* This is ac- 
compli shed by gently inverting the sample several times and with a 
widemouth pipette removing a sample before the plankters settle. 

Identify the plankters to the smallest unit of classification feasible 
and record in order of abundance on reoord form. As estimate of ap- 
proximate numbers of eaoh organism should be included, i.e., 

Daphnia 100 E 

Oyolops 56 E 

Boeraina 14 E 

Diaptomus 6 B 

The estimate will prove useful for comparisons, especially in stomach 
analysis* 

Care of net 

After completing the day's work, the plankton net should be rinsed 
in olear water and hung up to dry. If tho net becomes very dirty wash in 
lukewarm water with a small amount of soap powder and rinse thoroughly in 
olear water and hang up to dry. 

Repair of small holes oan be done by touching a small drop of house- 
hold cement to eaoh break. Dry thoroughly before using. 

V. Aquatic Vegetation Analysis 

Vegetation beds should be plotted on the map of the lake, using 
standard symbols for the types of vegetation found. These symbols ares 



for floating vegetation 
( for emergent vegetation 
for submergent vegetation 

Vegetation stations should be numerous enough to give a good cross- 
section of the plants in the lake or stream. The exaot number will have to 
be determined by the technician making the analysis according to his best 
judgment* 

In lakes, a vegetation station ID meters by 10 meters is suggested* 
In streams, 3 meter strips should be adequate. 
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For each species of aquatic plants found, record on the record fora 
the information called fort 

Depth range ~ give range in depth in which plant is found, i.e., 
0.5 to 3 meters* 

Relative abundance - use symbols as follows 

S - a parse, if only scattered plants are found 
M - medium, if spaced 0.5 to 3 meters apart 
D - dense, if closer together than 0.5 meters, 
of forming a closed mass. 

Remarks t note whether plants are marl covered by placing a in this column 
cm the record form. Note also flowering, fruiting or budding of plants, 
using symbolst Fl - f lowering! Fr - fruiting, and B - budding or winter 
buds. 

If identification cannot be made in the field, specimens should be 
preserved for later study. The following procedure for collecting plants is 
recommended i 

1. Seleot an average plant. 

2. When possible, collect a plant with -both flowers and fruit preaesHk, 
but take in vegetative condition if you cannot obtain it otherwise. 
Usually July, August and early September are the best months for 
obtaining specimens in the north temperate cone. 

3* When possible, collect a part of the underground portions along 
with the top. 

4. A large plant can be cut up and selected for preserving, or may be 
preserved in several folders, labelling eaoh portion in orders 

a, b, o, d, eto. If portions are preserved be sure to put on label 
the total length or height of the plant and other pertinent informa- 
tion. 

5. Place plant between folded sheets of newspaper. 

6. Fill out label with all data and place with specimens. The col- 
lection number should be written on edge of newspaper in case label 
falls out so that it may be placed with proper specimen. 

7* Plaoe folded newspaper between blotters and place in press. Draw 
pressboards down tight. 
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AQUATIC VEGETATION RECORD 
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8* After collections have been under pressure 4 to 6 hours, or over- 
night, replace wet blotters with dry ones and insert corrugated 
ventilators between blotter (blotter, folder, blotter, ventilator, 
blotter, etc.). If speoimens were very wet it may be necessary to 
replace blotters again the second day* 

71 Bottom Samples 

In lakes use a 15 onu square Hcman Dredge and take 4 samples per 
station. The number of stations for each lake will depend upon the siae of 
the lake, the number of bottom types, the suitability of the bottom for 
sampling, and the time available for oare for the samples* 

The sample should be screened through the standard sieve provided 
and all organisms picked out. If identification and measurements are to be 
made in the field, the total volume (by water displacement in a centrifuge 
tube) is recorded as well as the number and kind of each organism. 

If study is to be done later in the laboratory, the sample should be 
preserved in 80$ alcohol, with a proper label for identification. 

In streams, the bottom sample is usually taken with a square foot 
bottom sampler. The frame of the sampler is placed on the bottom with the 
net bag downstream. The bottom material to a depth of about 3 inches within 
the frame is gently lifted and deposited into the bag, making as sure as 
possible that none of the material loosened washes around the bag. If con- 
siderable soil is involved, the sample may be screened through the standard 
sieve. If little soil is in the sample, the sample should be placed in a 
bucket or white enamel pan, and the organisms picked out. Identification 
and measurements are carried out as described for lake samples. 

Laboratory Procedure for Bottom Analysis 

Generally a volumetric analysis by water displacement can be used. 
Should the number of organisms be too small for volumetric analysis, use 
number and percentage occurrence. 

VII. Parapite Examination 

A parasite examination record sheet should be made out for each 
important fish species of the water studied. Identification of some of the 
more common parasites can be made in the field. Speoimens of those and of 
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ths less ooramon or unusual forms should be preserved for laboratory examina- 
tion* Kill and fix the specimens in Bouin's solution, then preserve in ?0# 
alcohol. Be sure to label completely. 

Fill out the reoord sheet completely. Pill in every blank either 
with the kind and number of parasites found, or with NONE if none were found. 
If the organ or area is not examined draw a line through the blank to so 
indicate* 

VIII , Egg Count 

In life history studies and in fish management, the knowledge of 
the numbers of eggs produced by eaoh species is essential* The number of 
eggs must be known if survival is, to be estimated* The number of eggs 
produoed is significant in fish culture in determining the number of fish 
required for brood stock. 

Egg counts can be made in two ways. First, at the time of spawning 
when the eggs are fully developed and ready to be laid, the females can be 
captured and with pressure applied to the abdomen, the eggs oan be foroed 
from the body into a pan or jar for preservation and enumeration. If it is 
not necessary to save the female for some other purpose, the female oan be 
killed and out open and the eggs remaining after stripping operation oan be 
added to those stripped from her. If the female cannot be killed, then the 
number of eggs must be considered to be approximate until such time as it is 
possible to determine the average quantity of eggs remaining after normal 
stripping operations. 

The second method is to remove the entire ovary from the fish prior 
to full ripening. The closer to the time of full ripening it is possible 
to obtain the ovaries, the better it is for counting. 

The most aoourate enumeration of eggs is the aotual count, but this 
oan be very tedious and time consuming* When aotual counts become impracti- 
cal (as In species with very large numbers of eggs) approximate numbers oaa 
be obtained by one of the following methods. 
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Volume trio Method, Under this method there are two ways to make the egg 
counts. First, count the eggs in a sample of known volume (v) .taken from 
the unknown lot* Such a sample may be measured by water displacement In a 
finely graduated cylinder and 10 or 20 oo should be adequate* Then measure 
the total volume (V) of all eggs in the unknown lot* The total number may 
then be estimated as follows t 

X t n * V t v 

where X is total number in the unknown lot 
n is number in sample 
T is total volume of all the eggs 
v is volume in sample 

The second method is to count out 100 eggs and measure the volume by 
water displacement* If the eggs are small, it may be well to count out 200 
or even 300 eggs and obtain the volume* Then the entire sample is measured 
by displacement, and the total number of eggs would be calculated by the 
formula given above* 

Qravimetrio Method t In the gravimetric method there are also two ways of 
computing the number of eggs. First, weigh a definite portion of the sample, 
such as 1 or 2 grams, and then count the eggs in the sample* Determine the 
total weight of the whole lot of eggs and calculate on the basis of the sample 
count* 

The second way is to weigh a known number of eggs, and then the 
total lot, and calculate the total number. 

In the gravimetric system it is important to remove the excess 
moisture* This may bte done by placing the eggs on blotting paper for a 
given length of time, or by spreading the sample in a large pan and allowing 
the eggs to be exposed to the air for a definite period of time, or in eome 
oases the' samples may be placed in a drying oven for a time. 

Von Bayer Method* In 1910, Von Bayer prepared a table for determining the 
number of eggs per liquid quart based on the diameter of the eggs. A metal 
trough of known length, usually 150 mm Is used* The groove in the trough is 
filled with a single row of eggs, and the number of eggs it takes are counted. 
The diameter of the eggs is determined by dividing 150 mm by the number of 
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eggs. By referring to hi a chart the number of eggs per quart le found. 
These values may be changed into number per oo by dividing th* number per 
quart by 946.4 (the number of oo per quart). By determining the number of 
oo of eggs in the sample by displacement, and multiplying the number found 
by the number of eggs per oo, the total number of eggs is found. Von Bayer 1 e 
ohart ie reprinted in Lagler'0 Freshwater Fishery Biology. 

Preserved Ovaries. When it 10 necessary to make counts from preserved 
ovaries, the following method may be used. 

Measure the total volume of the ovaries by water displacement. Then 
obtain volumes of each of 3 sections, well-spaced, from the ovary. Then 
separate out and count the mature eggs from each ovary section, separating 
them from the immature eggs and tissues. Take volume of immature eggs and 
tissues and subtract from the volume of the sections to get volume of the 
mature eggs. Take the average results of the three (or sometimes more) 
counts and compute the fully developed eggs per co and then for the complete 
ovary. 

The count can also be made using the gravimetric method by weighing 
three samples from various parts of the ovary, counting the eggs as described 
above, and calculating the total numbers on a weight basis instead of volume. 

CHEMICAL ANALYSIS 

Chemical analysis will be restricted for the present to the tests 
for oxygen, carbon dioxide, phenolphthalein alkalinity, methyl-orange 
alkalinity, and pH. When other tests are found necessary, the methods 
employed can be located in standard textbooks. 

One analysis should be made at each station in streams, except for 
impounded areas which are treated as lakes. 

-The exact number of chemical stations on a lake depends upon the 
type of lake and is left to the discretion of the analyst. On very small 
shallow Iqkes a surface and bottom sample might be entirely sufficient) on 
other lakes several samples between top and bottom may be needed to determine 
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the chemical condition. On a larger lake, with many bay* and depression*, 
many stations will be needed to cover all the major areas* 

It Oxygen (Vinkler Method) 

A. Equipment 

123 ml glass stoppered bottles 

250 ml Erlenmeyer flasks, marked at 100 ml capacity 
5 ml pipette 

If Barnes dropping bottles with plastic caps cannot be obtained for 
the first three reagents listed below, ordinary medicine droppers graduated 
to 0.5 ml oan be used with standard bottles as described below* 

B. Reagents 

Nanganous sulfate (MnSO^) 

Alkaline-iodide (H-KOH) 

Concentrated sulfurio aold 

H/40 sodium thiosulfate 

Starch solution or thiodine solution 

The above chemicals, except the sodium thiosulfate (^28303) oan be 
put in Barnes dropping bottles. If these bottles are not available the 
manganous sulfate and alkaline-iodide solutions should be stored in rubber- 
stoppered bottles, the sulfurio aoid in glass-stoppered bottles. The sodium 
thiosulfate solution is usually kept in amber oolored glass-stoppered bottles. 
It should be made up fresh every two weeks or at most three weeks. For 
preparation of the reagents see page 288. 

C. Procedure 

The first four steps must be performed in the field immediately after 
collecting the sample from the desired depth by use of a water sample bottle. 

1. Collect sample into 125 ml glass-stoppered bottle by gently flowing water 
into bottle without any splashing or bubbling. Allow water to overflow 
at least 20 seconds after it it filled . 
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2. Add 0.5 ml raanganous sulfate (MaS04) and 0,5 ml of Alkaline-Iodide 
(KI-KOH) veil below the surface, Restopper aad mix by inverting 
bottle several times, being sure stopper is held In place. 

! 

3. Allow preoipitate that forms to settle. 

4t When settled, remove stopper and add 0.5 of oonoentrated sulfurio aoid 
(HgSO^). Restopper and mix. If sample is adequately stoppered it may 
now stand several hours without change in oxygen content. 

5 Rinse an Erlenraeyer flask with a small amount of the sample - then 
fill to the 100 ml line (or transfer 100 ml, using a graduated 
cylinder for the measuring). Titrate with 0.025 solution (H/40) 
of sodium thiosulfate (^28303), rotating sample to insure mixing, 
until oolor become* a pale yellow* 

6. Add starch solution to produce blue color, or if thiodine is used 
add enough powder to produce the blue oolor. 

7* Continue titration until blue color first disappears. 

8. Record total amount of sodium thiosulfate used and ignore any return 
of blue oolor. 

D. Calculations 

To express results in parts per million (ppm) of dissolved oxygen - 
multiply ml of ^28303 used by 2. 

E. Conversions 

1. 1 part per million (ppm) - 1 milligram (0.001 grams) per liter 

2. ppm x 0.698 - mi Hi lit era (ml) per liter 

3. ml per liter x 1.43 ppm or mg/1. 

4. To express results as percentage of saturation 

(i) determine from Table 1 below the saturation value at 
sea level for the temperature of the water when the 
sample was collected. 
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Table 1. Saturation 
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(ii) Then multiply this value by the appropriate factor from the next 

table (Table 2) based upon the altitude of the body of water sampled 

Table 2. Correction factors for oxygen saturation values according to 
altitude in meters 

100 200 300 400 500 600 700 8OO 900 
1.000 0.98? 0.975 0.963 0.951 0.939 0.928 0.916 0.904 0.893 

1000 0.883 0.872 0.862 0.851 0.841 0.830 0.820 0.809 0.800 0.791 

2000 0.782 0.772 0.763 0.754 0.745 0.737 0.728 0.718 0.709 0.701 

3000 0.693 0.686 0.678 0.670 0.662 0.654 0.646 0.638 0.632 0.624 

4000 0.617 

(iii) The percentage saturation (excluding Hydrostatic pressure) 
of the sample is then equal to 

observed 2 content 
saturation value at particular temper -ture and altitude 

II Carbon dioxide 
A . Equipment 

100 ml Nessler Tube, (or 100 ml graduated cylinder) 
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B. Reagents 

Phenolphthalein Indicator 
N/44 sodium hydroxide (NaOH) 

0* Procedure 

1. Draw 100 ml of the sample Into a Nessler tube or tall graduate 
cylinder being careful not to splash sample since agitation 
releases oarbon dioxide. 

2. Add 10 drops of phenolphthalein indicator 
3 If sample turns pink, record as 0,0 OOp 

4. If sample remains clear, titrate with N/44 sodium hydroxide 

(NaOH), until weak pink oolor remains for a minimum of 30 seconds 

5 Record number of milliliters of sodium hydroxide used* 

D. Calculations 

1. 10 times the number of ml of N/44 NaOH used equals the amount 
of oarbon dioxide in parts per million 

2. Conversions from ml/1 to ppmt 

Multiply B To obtain 
ppm of <X>2 0*506 ml/1 

ml/1 of C0 2 1.98 ppm 

III. Alkalinity 

A. Equipment 

250 ml Erlenmeyer Flask 

5 ml pipette 



B. Reagents 

Phenolphthalein indicator 
Methyl-orange indicator 
N/50 BU If uric acid 



286 , FB/T8 

C. Procedure 

1* Draw 100 ml of sample water Into flask or bottle* 

2. Add 4 drops of phenolphthalein indicator. 

3. If sample remains clear, reoord as 0.0 ph-th (Phenolphthalein) 

alkalinity, and prooeed with step 5 

4. If sample turns pink f titrate it with 0.02N (N/50) sulfurio 

aoid (112804) from a burette, until pink oolor just disappears* 
Tltration should be done against a white background for better 
oolor perception. Reoord amount of aoid used as P. 
5 To same sample, add 4 drops of methyl -orange indicator. 

6. If sample turns orange (often expressed as salmon color), reoord 

as 0.0 methyl-orange alkalinity, 

7. If sample becomes yellow, titrate with 0.02 N (N/50) sulfurio 

aoid until it turns faint orange. Sample should be rotated after 
each few drops to insure mixing. Reoord amount of acid used as M, 

D. Calculations 

1. Symbols and terms 

P - No. of ml N/50 H2S04 used in titration with phenolphthalein 
M No. of ml N/50 H2S04 used in titration with methyl-orange 
T * Sum of P and H} i.e., the total number of ml N/50 H2S04 
used in the total titration. 

(Obviously, if step 4 above is omitted as a result of no oolor 
change in step 3, then T M). 

In the calculation that follows one uses only P and T. From these 
one can determine and express in parts per million of calcium 
carbonate either: 

(i) "phenolphthalein alkalinity" * P x 10 

(ii) "total alkalinity" (also known as 'methyl -orange 

alkalinity") = 7 x 10 
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2t Conversions and Interpretation of Alkalinity Relationships 

a) Conversion to SBV 

To odnvert the fl total <f or "methyl orange alkalinity* 1 (aa 
expressed in ppm of oaloium oarbonate) - into a value equivalent 
to the "SBV 11 used by some workers - divide it by 50. 

To convert "SBV 11 into the total or methyl -orange alkalinity (as 
expressed in ppm of oaloium oarbonate) - multiply it by 50 

b) Interpretation of Alkalinity Relationships 

When desired, one oan make further differentiations of 
alkalinities due to hydroxide (OH), normal carbonate (CO^) 
and bicarbonate (HC03), using Table 3 below for mathematical 
conversion of results* 

According to this schemes 

(i) Carbonate alkalinity is present when the phenol- 
phthalein alkalinity is not zero but is less than 
the total alkalinity, 

(ii) Hydroxide alkalinity is present if the phenol- 

phthalein alkalinity is moi?e than one half the total 
alkalinity, 

(iii) Bicarbonate alkalinity is present if the phenol- 

phthalein alkalinity is less than one half the total 
alkalinity. 

Table 3 Mathematical conversion of results 



Result 

of 
Titration 



Alkalinities expressed as ppm of calcium oarbonate 



Hydroxide 



Carbonate 



Bicarbonate 



P = 



(2P - T) x 10 
P T T x 10 





2P x 10 
2P x 10 
2(T - P) x 10 





T x 10 

(T - 2P) x 10 
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SBV (S&urebindungsverm&gen) known variously as acid combining power*, 
alkaline reserve*. to., IB expressed simply as the total number of 
ml llilitrs of N/10 HOI or H2S0 4 required to titrate 100 mi of a water 
sample using methyl orange as an indicator. 



A. Types of pH equipment 

Generally there are two kinds of methods for measuring the pH (hydrogen 
ion oonoentration) of the water* 1 Oolorometrio and 2 Eleotrometrio* 

Colorometrio methods depend on the addition of sensitive indloator 
solutions, to the sample and making oomparison with a set of standard 
oolors of known pH values. There are also available sensitised papers 
whioh when dipped in the sample water ohange oolor. This oolor is then 
oheoked against the standards for the pH value* 

Eleotrometrio methods are also of several types depending on the 
apparatus purchased. Usually this method is oonfined to laboratory work 
beoause of the rather delioate nature of the deotrlo equipment, although 
some companies do have portable battery operated field equipment* 

B. Procedure 

The procedure for making the pH determination is given with each 
set of equipment* Follow the directions as given with the set available 
to the worker* 

V* Preparation of reagents 
1. Manganous sulf ate solution (for Og determination) 

1*1 Dissolve in distilled water and make up to 1 liter one of the 
following quantities! 

480 g MnS0 4 . 4H 2 0, or 
400 g MnSC>4 . 2H;>0, or 
364 g MnS0 4 . H 2 
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2. Alkaline-iodide reagent 

2*1 Dissolve in distilled water and make up to 1 liter one of the 
following combinational 

500 g NaQH and 133 g V*I, or 
500 g NaOH and 150 g K I, or 
TOO g KOH and 135 8 ^1, or 
700 g KOH and 150 g K I. 

3* Sulfurio aoid, oonoentrated 

3.1 Speoifio gravity, 1,83 to I f 84 
About 36 N 

4. Sodium thiosulfate solution, H/40 (0*025 H) 

4.1 Dissolve 6.205 g I^SgO^ - 5H20 in freshly boiled and oooled 

distilled water and make up to 1 liter* Add 5 ml chloroform (CHOI 3) 
or 0,4 g NaOH per liter as a preservative. Store in brown bottle* 
Make up a fresh solution every two or three weeks, 

5* Starch solution 

5,1 Grind up 5 K of potato or arrowroot star oh in a small quantity of 
distilled water. Pour emulsion into 1 liter of boiling water, stir 
and leave to settle overnight, Deoant the olear portion. Add 1,25 g 
salioylio aoid as a preservative or a few drops of toluene, 

6, Phenolphthalein indicator 

6.1 Dissolve 5 g of high-quality phenolphthalein in 1 liter of 50$ ethyl 
alcohol; then add N/50 (0,02JT) NaOH d ropid.ee until a faint pink oolor 
appears. (Prepare the 1 liter of 50$ aloohol by diluting 526 oo of 
95$ aloohol to one liter with boiled distilled water), 

7 Methyl-orange indicator 

7,1 Dissolve 0,5 of high-quality methyl orange in one liter of distilled 
water. Keep in dark glass bottle, 

8. Sulfurio acid. N/50 (0,02N) 

8,1 Transfer 10 ml oonoentrated H2S04 to a volumetric flask and make up 
to 1 liter with distilled water. The resulting solution is approxi- 
mately 0,36N, To make up a N/50 solution from this stock solution, 
transfer 55.56 ml to a volume trio flask with a burette and make up 
to 1 liter. 
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WATER ANALYSIS 



Lake or 8tr*M 
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To standardize, place 20 ml N/44 Na^O^ (see below) In m casserole 
or Brlenmeyer flask over a white background and add 5 drops of jwthyl -orange 
indicator. Titrate with the dilute aoid until the color begins to change 
from yellow to red. The normality faotor of the N/50 aoid is the number of 
ml of aoid used divided into 22.73* 

9 Sodium carbonate, N/44 

Heat chemically pure sodium carbonate in an open casserole over a 
bunsen burner for jf hour to oonvert any bicarbonate present into carbonate* 
When oool weigh out 1*205 g and dissolve in recently boiled distilled water f 
making up to one liter* This gives a N/44 solution* Because alkaline 
solutions such as these rapidly absorb C02 from the air thereby altering 
their normality, they should be kept tightly stoppered, or in bottles 
having C2 traps* 

PHYSICAL ANALYSIS 
I* Map 

It is assumed that maps of the waters are available. If this is not 
the situation 9 then the party will make a map of the lake following the 
standard procedures for mapping* 

II* Depth of Water and Bottom Type 

If depth contours are not provided on the map, the party will proceed 
with this phase of the work, again following standard methods* 

If bottom types are not recorded on map of the lake, the party will 
proceed to fill in this phase of the work also. Again standard techniques 
will be used. The classification of soil types is given later. 

In stream surveys, average width and depths will be recorded as 
described below under rate of flow* 

In stream surveys, bottom types will be described for pools and 
riffle areas in the section studied* Record the estimated percentages as 
called for on the record form* 

The* types of bottom soils are defined as follows: 

Marl - deposit of calcium carbonate* 14 may be concretion marl, shell marl 
(abundance of shells and shell fragments) or amorphous marl (uniform, 
relatively pure marl which clouds the water when disturbed)* 



Mud - a more or leas oompaot mixture of clay and other soils* 
Silt - a soft | floooulent, finely divided soil* 

Clay - a dense, compact, sticky and amcoth soil* When dry it forma a hard 
olod difficult to break* When moist, it ia sticky and plaatio, irtien 
squeezed it does not crumble, but works into a heavy, oompaot mass* 

Sand - loose, single grained soils, gritty* Individual graina can be felt 
and seen. 

Detritus - Composed of more or less finely divided organic material, suoh as 
bits of leaves | twigs, bark, remains of water plants, etc. It is 
frequently found on the pool bottoms, or in the shelter of any 
obstruction to the current in streams* 

Muck - blaok, completely decomposed organic material. 

Peat - brownish to greenish, partly decomposed plant remains. It may be in 
the form of fibrous peat (coarser, herbaceous material, parta of 
plants relatively easily distinguished) or as pulpy peat (uniform 
fine texture, parta of plants not distinguishable)* 

Hardpan - consists of hard deposit of clay whioh has been exposed by water 
action. 

Gravel - individual particles ranging in size from about 2 mm to about 
50 mm in size* 

Bubble * individual stones from $0 mm* in size up to about 300 mm* 
Boulder - each atone above 300 mm in diameter* 
Bedrock - solid underlying layer of stone* 

II I * Temperature 

For a beginning it is suggested that a maximum-minimum thermometer 
be used for the needed temperature data* 

This thermometer should be lowered to the proper depth and allowed 
to remain 3. to 5 minutes before being hauled to the surface. 
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Temperatures should be taken at 1 -meter intervals. If a thermocline 
is indicated, temperatures at l/3rd meter intervals should be taken to limit 
the extent of the thermocline. Later, if it is deemed necessary for further 
detailed study of deeper lakes and reservoirs, a reversing thermometer or 
an eleotrical resistance thermometer oan be acquired and put into operation* 

In taking stream temperature, an ordinary thermometer is used. 
Temperature of the air is taken first, while standing with the sun to the 
back holding the thermometer an arm's length from the body at waist level, 
with the bulb in the shade of the body. Pour or five minutes should be 
allowed for the registering of the air temperature before reading and 
recording it. The bulb must bo absolutely dry. 

The water temperature is taken by inserting the thermometer bulk 
below the surface of the water, allowing 1 to 2 minutes for registering of 
the temperature, and then reading the temperature with the bulb still in 
the water. 

The hour and weather conditions should be recorded on the record 
form as called for. 

IV. Turbidity 

Seochi Disk. The Secohi disk will be used for all determinations 
of turbidity in the lakes for the present. The readings should be taken 
as near to noon as possible. Notation should be made as to the degree of 
cloudiness and the amount of wind and wave action. 

The reading is obtained by lowering the disk slowly into the water, 
noting the depth at which it disappears from view, and then slowly raising 
the disk until it again appears in sight. The average of these two readings 
is recorded as the limit of visibility. 

In depths less than 1 meter, record to the nearest centimeter. 

In depths more than 1 meter, record to the nearest 5 centimeter 
mark* 

Record the cause of the turbidity: i.e., plankton bloom, muddy 
water, etc. 
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In streams, the Seoohi disk is used only in deep pools, or when and 
where the bottom is not visible* Other times the ooular estimate is used, 

Ooular Estimate. For ooular estimates of turbidity, classify the water as 
clear, murky, or muddy. 

Estimates may be made as follows! 

Clear - bottom visible through more than 1 meter of water 
Murky - bottom indistinct in l/3rd to 1 meter deep 
Muddy - bottom visible in less than l/3rd meter. 

V. Color 

Express oolor of water as white, light brown or dark brown* The 
majority of waters are white, although occasionally lakes and streams 
draining marshes and swamps will show brown color* 

Occasionally pollutant materials will stain the water in whioh oase 
record the oolor* 

Care must be token to make sure the oolor is true oolor and not 
apparent oolor due to suspended material in the water* 

VI* Stream Flow 

Average width and depth. A series of measurements is made of the stream 
station* At least five measurements should be taken of the width of eaoh 
station; eaoh end, middle and midway between these are usually taken* More 
measurements should be made if the stream is particularly uneven* The 
average is then obtained* 

Depth is measured at points of width measurement* Depth is taken 
in the middle of the stream, and at a point halfway between the middle and eaoh 
shore. If the stream is wide or the bottom uneven, more than the three 
soundings should be taken* The average depth is determined by adding the 
readings and dividing by one more than the number of soundings taken* 
This allows for the zero readings at the shore* 

Volume , Volume will be recorded in cubic meters per seoond where the flow 
is greater than 1 cms* Flows less than 1 cms should be given in liters 
per minute (ipm)* 
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The following formula Is used to determine the volume flowt 

R W Da L 
T 

Where R 10 rate of flow 

W Is average width of section 
D 10 average depth of section 
T is average time in seconds required for a float to 

traverse the distance L. 
L is the length of the stream section 
a is a constant for oorreotion of stream velocity. If 
the bottom is rough and strewn with rooks and coarse gravel , a is taken 
as 0.8, if the bottom is smooth a is taken as 0.9. 

As straight a section of stream as possible is selected for this 
test. Measure the length, width and average depth of this section. Then 
time the length of time it takes for a small float (about the diameter of 
a lead pencil and 75 nun long) to traverse the distance. Three trials should 
be run with the float and the average time used* 

Substitute the proper figures in the formula and determine the 
volume flow* 

Velocity, Velocity may be described in terms of centimeters per seoond 
flow according to the following tablet 

very slow - 0-10 cm. per second 

slow - 11-25 " fl " 

moderate - 26-50 lf lf " 

moderately rapid - 51-75 M ft fl 

rapid - 76-100 lf fl ff 

very rapid - 101-200 fl lf lf 

torrential - 201 and above 

VII. Pools and Shelter 

In some stream studies it is desirable to know the amount of the 
stream bed in pools and in riffles. This may be done by measuring off 
about 100 meters of the stream and studying the pools and riffles 
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according to sie, type and frequency. Determine which of the following 

conditions most nearly applies to the pools found in the section and record 

data on record form using symbols presented after the following description 
of conditions* 

Sige 1. Pools having an average width or length much greater than the 
width of the stream. 

2. Width and length equal to width of the stream. 

3. Much narrower or shorter than the stream width 

Type 1. Deep (2/3rd meter or more), exposed pools containing great amount 

of aquatic plants harboring a rich faunaj or deep pools with 
abundant shelter (overhanging banks, logs, roots, boulders), much 
drift and detritus shaded by forest cover or shrubs. 

2. Fools intermediate in depth, shelter, plant abundance, etc. 

3. Shallow exposed pools without shelter or plants, scoured basins. 

Frequency 1. More or less continuous pools - about 75? to 25$ relation 
of poola and riffle areas. 

2, Hather close succession of pools and rapids - 5^-5^* 

3. Pools infrequent with long stretches of swift, shallow 
water between, pools making up less than 2jfo of the total 
stream area. 

In recording information use S for size, T for type and P for 
frequency. Thus the highest rating for a stream would be S - 1, T - 1, 
F - 1. The poorest rating would beS-3, T-3>P-3. 

The factors responsible for the pools at each station should also 
be listed i.e., whether caused by boulders, logs, undercut banks, or simply 
by the cutting action of the streams. Under shelter, indicate the abundance 
of water plants, rocks, sunken logs, or whatever form of protection for fish 
is afforded by the pool. 
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STREAM SURVEY 



Main drainage 



Name of Stream 



wooded, 



Stream Seotion 



open, 



swampy, flat 
i ; f h . ..^ 



, rolling! Watershed 



mountainous, 



hilly, Cultivated or not 

* * v r\ 



Bank Vegetation 



Abundant 



Abundant 



Common 

(?' 



Rare 

^u- 



Algae-aquatio vegetation 



Common 



Rare 

_^,b. 



Higher plants 



Irrigation pumps, diversions, barriers, dams 
i J ^allg-bly 4 j - jj^ i J,-* 

Pollution 



High water level 



Present level Water Supply 



Steep Moderate Slight 


' ' ^j **-^r 

Gradient 
. ^ 

Pools 

Spawning ar 

_, .JHM 5-XI, 1 




I"rcquency 
.1 .^.n 


Type Size 

*1 - U ^L- 


Abundant Common 
. : i - . . * -'1 * 


<y r^ 

Few None 

li_4 < .. .. H . a, i 5U ^ ftia 


__ JL c jo Gravel 


Bubble 


^^^^^ ^Bedrook s 


w' ^ J 

Stream Bed 

JL> > ua. H rfj j^ 

Pish Present 


___ % boulders 

Q.,* *l A ^ .(W'fr-l.nn. 


"""" """ *' """ >* *j ^*^* '" 
?b Silt 


/o Mud /^ Seuid 









Average depth 



Average Width 



Velocity 



Water Temp. 



Air Temp. 



Turbidity 



Volume Flow 
Color 



ph-tk 



MO Alkalinity 



CO, 



2 



pH 



ph-th 



Investigator 
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